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TRANSLATOR’S  PREFACE 


Polemical  parts  of  this  book  form  a  contribution  to  a  con¬ 
troversy  which  is  being  carried  on  as  vigorously  in  France  and 
other  continental  countries  as  in  the  United  Kingdom  and  the 
United  States.  It  is  hoped  that  English-speaking  combatants 
will  find  here  some  valuable  ammunition  for  their  warfare. 
Many  painters  will  agree  with  the  author  that  white  lead  as  a 
paint  basis  is  unrivalled,  even  with  the  serious  drawback  of 
darkening  under  the  action  of  sulphuretted  fumes,  and  the 
danger  from  lead  poisoning  by  reckless  handling.  With  reference 
to  Stas’  saponification  theory,  it  is  well  to  bear  in  mind  that 
linseed  oil  contains  free  fatty  acid,  which  plays  an  important 
part  in  white  lead  paint.  It  must  not  be  forgotten  that  it 
is  for  the  advantage  of  those  interested  in  inert  white  lead 
substitutes  to  claim  that  white  lead  is  itself  inert. 

As  to  the  practical  portions  of  the  work,  especially  the 
sections  on  paint  grinding,  the  translator  believes  that  they 
fill  a  somewhat  conspicuous  gap  in  our  special  literature  of 
the  subject.  It  will  be  noted  that  in  the  matter  of  pack¬ 
ages  French  practice  differs  to  some  extent  from  our  own. 
The  application  of  stiff  paint  as  an  enduit,  or  continuous 
layer,  to  ensure  a  smooth  surface,  as  done  in  France,  is  not 
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practised  in  Britain,  except  as  far  as  “  filling  up  ”  is  con¬ 
cerned.  Our  only  equivalent  for  tire  enduiseur  is  our 
painters’  labourer.  It  would  be  difficult  to  get  such  a  thick 
layer  as  an  enduit  to  dry  in  our  climate. 

DONALD  GRANT. 


London,  October  1907. 
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THE  MANUFACTURE  AND 
COMPARATIVE  MERITS  OF  WHITE 
LEAD  AND  ZINC  WHITE  PAINTS 

CHAPTER  I. 

The  Fundamental  Principles  of  Painting  in  Otl. 


COAT  of  paint  is  applied,  in  tlie  building  and  constructive 


trades,  generally,  with  two  objects  in  view.  The  first 
function  which  the  coat  of  paint  performs  is  to  impart  a  pre¬ 
determined  colour  to  the  object  to  which  it  is  applied;  the 
second  function  is  to  preserve  that  surface  against  the  weather. 
Such  a  coating  ought,  therefore,  to  possess  very  special 
properties.  It  should  be  perfectly  opaque,  or,  as  is  said 
in  the  trade,  it  should  have  such  good  covering  power,  as  to 
bide  completely  the  colour,  natural  or  artificial,  of  the  surface 
beneath  it.  It  should  be  impermeable,  so  as  to  protect  the 
surface  against  rain,  when  it  is  a  question  of  outdoor  work ; 
and  against  condensed  water,  in  the  case  of  indoor  work. 
Finally,  it  should  be  resistant,  because  in  outdoor  work  it  is 
exposed  to  the  erosive  action  of  the  wind,  dust,  and  rain ;  and 
in  indoor  work  to  the  friction  of  scrubbing.  Moreover,  all  these 
different  properties  should  be  obtained  by  the  application  of  a 
very  thin  coat  of  paint,  so  that  its  application  does  not  dis- 
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figure  the  surface,  by  filling  up  the  hollows,  and  thickening  the 
parts  in  relief. 

Paint,  ready  to  he  applied  by  the  brush,  consists  of  a  mixture 
formed  by — (1)  a  basis  or  foundation  intended  to  impart  body 
to  the  paint.  This  basis  may  be  either  white  lead  or  zinc  white. 
(2)  A  coloured  substance,  in  as  fine  powder  as  possible ;  it  is 
generally  an  ochre,  an  oxide,  or  a  metallic  salt.  (3)  Linseed  oil, 
or  any  other  drying  oil,  which  they  are  in  the  habit  (in  France) 
in  the  painting  trade  of  terming,  very  improperly,  liuile  grasse 
(poppy,  oeillete,  sunflower,  etc.).  (4)  The  whole  is  diluted 
with  a  volatile  oil,  spirits  of  turpentine,  which  at  the  present 
day  is  often  replaced  by  heavy  benzols,  or  by  white  spirit 
(light  petroleum  spirit). 

Each  of  these  constituents  plays  an  important  role  : — 

(1)  The  basis  or  fundamental  part  of  the  paint  ought  to 
be  perfectly  white,  so  that  the  colour  added  to  it  to  produce 
a  certain  tint  or  hue  is  in  no  way  modified.  This  applies 
with  the  more  force,  as  the  necessity  is  greater  to  obtain 
very  delicate  and  very  fresh  tones.  The  white  lead  industry, 
and  the  zinc  white  industry,  having  adopted  the  excellent 
practice  of  delivering  these  products,  in  the  form  of  a  paste  in 
oil  (stiff  paint),  the  painter  ought  to  be  on  his  guard  to  see 
that  this  stiff  paint  is  perfectly  homogeneous,  very  finely 
ground,  and  neither  of  too  firm  nor  of  too  soft  a  consistency. 
To  determine  the  consistency  of  stiff  paint,  a  sample  is  taken 
from  the  keg,  or  other  vessel,  in  which  it  is  contained,  by 
a  painter’s  knife.  A  sample  should  be  obtained,  which  is 
cohesive,  and  terminates  in  a  point.  This  point  should  be 
straight,  and  only  slightly  inclined  at  its  drawn-out  end. 
On  the  other  hand,  the  hollow  produced  in  the  bulk  of  the 
paint  in  the  keg  should  retain  its  shape,  and  only  disappear 
in  course  of  time  or  by  jarring  the  keg.  When  the  soft 
paste  tends  to  flow  from  the  knife,  it  is  described  by  saying 
that  it  is  “  stringy,”  that  is,  it  contains  too  much  oil,  and  may 
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thus  yield  coats  of  paint  with  too  little  covering  power.  On 
the  other  hand,  when  it  prises  up  in  hulk,  it  is  said  to  be  too 
dry,  and  gives  liquid  paints  which  require  too  much  oil ;  this 
can  never  be  so  intimately  mixed,  as  by  grinding,  and  the 
resulting  paint  therefore  does  not  dry  so  well  as  it  should  do. 
It  is,  however,  necessary  to  state  that  the  manufacturers  of 
these  stiff  white  lead  paints  all  keep  to  within  an  almost  per¬ 
fectly  uniform  degree  of  consistency,  and,  if  they  do  make  them 
a  little  more  soft,  or  a  little  more  dry,  than  the  average,  it  is 
only  to  meet  the  requirements  of  a  special  customer.  These 
stiff  paints  should  dry  well  in  themselves. 

(2)  The  tinting  colours  should  he  in  an  almost  impalpable 
powder,  so  as  to  admit  of  their  being  intimately  mixed  with 
the  base,  and  form  a  perfectly  uniform  shade ;  moreover,  they 
should  not  act  in  any  way,  either  on  the  base  or  on  the  oil. 
Sulphides  should  therefore,  from  this  point  of  view,  receive 
special  attention,  because  they  may  act  on  the  white  lead,  and 
convert  it  into  (black)  lead  sulphide.  A  good  number  of  such 
sulphides  are  injurious  to  oil,  because  they  induce  in  it  a  sort 
of  vulcanisation,  which  deteriorates  it. 

(3)  The  oil  most  generally  employed  is  linseed  oil.  Good 
linseed  oil  for  paint  mixing  should  be  perfectly  limpid,  of  a 
fine  golden  yellow  colour.  Its  density  should  be  between  0-930 
and  0-935.  The  oldest  oil  is  the  best,  because  it  is  most  free 
from  the  mucilaginous  ingredients,  which  it  contains  in  the 
fresh  state,  and  also  because  it  dries  better.  Moreover,  it  is 
well  to  ascertain  that  the  oil  used  has  been  got  by  pressure, 

■  and  not  by  the  exhaustion  of  the  seed  by  the  aid  of  a 
solvent.  This  latter  process,  in  fact,  has  the  inconvenient 
defect,  as  far  as  regards  linseed  oil  for  paint  purposes,  of 
yielding  a  product  containing  all  the  fatty  matters  present  in 
the  seed,  some  of  which  do  not  dry.  Linseed  oil  dries  better 
in  proportion  as  there  are  present  in  it  fatty  acids  of  the 
type  C18II30O2  (linolenic  isolinolenic,  linusic  isolinusic  acids) 
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and  less  oleic  acid.  The  mixed  fatty  acids  which  can  he 
separated  from  good  linseed  oil  are  present  in  the  mixture  in 
the  following  proportions  per  cent.  : — 


Per  Cent. 

Linolenic  acid 

15 

Isolinolenic  ,, 

65 

Linoleic  ,, 

15 

Oleic  ,,  .  .  . 

5 

100 

On  the  face  of  it,  there  is  nothing  absolutely  definite  in  this 
composition.  It  varies  according  to  the  source  of  the  seed  from 
which  the  oil  was  expressed ;  it  varies  with  the  time  that  has 
elapsed  since  its  expression  from  the  seed,  because,  exposed  to 
the  air,  the  oil  undergoes  a  rapid  oxidation,  which  partially 
transforms  the  above  acids.  Everyone  knows  that  the  drying 
of  linseed  oil  is  not  due  to  the  evaporation  of  a  volatile  portion 
of  the  liquid,  hut  to  the  absorption  of  oxygen,  which  transforms 
all  the  fatty  acids  into  oxylinoleic  acid  (C1GH2505),  which 
would  appear  to  be  the  last  and  most  stable  term  to  which 
linseed  oil  can  naturally  attain.  This  oxidation  goes  on  more 
rapidly  in  a  warm  atmosphere  than  in  a  cold  one ;  but  a  mild 
temperature  should  not  he  exceeded.  Linseed  oil,  heated  to 
about  250°  C.  (482°  E.),  loses  some  of  its  drying  power, 
although  it  becomes  thicker  when  it  is  kept  for  a  sufficiently 
long  time  at  that  temperature. 

Oxylinoleic  acid,  prepared  in  quantity,  forms  a  transparent, 
more  or  less  dark  yellow,  resinous  mass,  endowed  with  a  certain 
amount  of  elasticity.  When  a  layer  of  oil,  which  dries 
naturally,  is  spread  on  a  piece  of  glass,  it  is  rapidly  covered  by 
a  dry  pellicle  or  skin,  which  is  precisely  due  to  the  oxidation 
just  being  discussed  ;  but  if  the  layer  of  oil  be  rather  thick, 
the  portion  under  the  skin  takes  a  rather  long  time  to  dry. 
This  is  due  to  the  fact  that  the  pellicle  in  question  forms  an 
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obstacle  to  the  passage  of  the  oxygen  of  the  air.  The  same 
thing  occurs  when  the  oil  is  applied  in  the  form  of  paint, 
which  further  justifies  the  principle  enunciated  above  of  only 
applying  paint  in  very  thin  coats.  Oils  which  dry  naturally 
have  here  been  discussed  intentionally,  because  oils  are  made 
in  the  trade,  the  drying  propensities  of  which  are  considerably 
increased  by  boiling,  for  a  greater  or  less  length  of  time,  with 
metallic  oxide  or  salts.  Of  these  latter  the  most  generally  used 
are  litharge,  red  lead,  peroxide  of  manganese  and  borate  of 
manganese,  dehydrated  zinc  sulphate  (white  copperas).  The 
exceptional  drying  power  of  those  oils,  to  which  painters  apply 
the  general  term  “  boiled  oil,”  arises  from  the  fact  that  there  is 
produced,  in  their  preparation,  metallic  salts  of  the  above  fatty 
acids,  which  rapidly  solidify.  These  boiled  oils  often  enter 
into  the  composition  of  paints — so  as  to  increase  the  drying 
propensities  of  the  natural  or  raw  oil— in  a  proportion  varying 
from  3  to  5  per  cent,  of  the  latter. 

(4)  The  three  ingredients,  base,  colour,  and  linseed  oil,  form 
the  essential  constituent  elements  of  the  paint ;  but,  as  it  is  the 
solid  matter  which  gives  the  covering  power,  the  oil  being 
naturally  transparent,  even  when  dry,  it  ought  to  enter  in  a 
determined  ratio  in  proportion  to  the  amount  of  oil.  But  the 
paint  so  reduced  is  too  thick  to  be  laid  on  by  the  brush.  It 
is  therefore  thinned  by  a  volatile  fluid,  by  means  of  which  it  is 
brought  to  the  fluidity  desired  for  easy  working.  When  once 
applied,  and  spread  out  under  the  brush,  this  volatile  matter 
disappears  by  evaporation,  and  the  very  thin  layer  of  paint 
only  contains  the  three  elements  above  mentioned. 

The  liquid  most  generally  used  is  spirits  of  turpentine,  which, 
recently  distilled,  is  a  colourless  liquid,  possessing  the  character¬ 
istic  smell  of  turpentine,  and  a  density  of  0'8G0  ;  its  boiling-point 
,  lies  between  156°  and  157°  C. 

When  it  boils  above  this  temperature,  the  spirit  has  been 
sophisticated  by  the  addition  of  rosin,  or  rosin  oil,  or,  again,  it 
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may  be  old  spirits  of  turpentine.  As  it  ages,  it  turns  yellow, 
and  thickens,  forming  what  is  called  “  thickened  turpentine,” 
essence  grasse,  which  is  endowed  with  special  properties,  but  is 
not  adapted  for  painting.  The  painter  should  therefore  select 
a  colourless  and  very  fluid  spirits  of  turpentine. 

The  less  spirit  of  turpentine  and  more  oil  in  a  liquid  paint 
the  more  brilliant  is  the  resulting  coat  of  paint,  and  the  painting 
is  said  to  be  done  with  a  good  bodied  paint  (detrempe  grasse) ; 
inversely,  the  more  spirits  of  turpentine  and  less  oil,  the  less 
brilliant  is  the  coat  of  paint,  and  it  is  then  said  to  have  been 
painted  Avith  a  poor  bodied  paint  (detrempe  maigre).  Fine  flat¬ 
surfaced  paints  are  obtained  by  thinning  doAvn  the  stiff  paint 
with  spirits  of  turpentine  alone.  The  paint  then  contains  no  oil 
but  that  present  in  the  stiff  paint,  forming  the  base.  But 
good  bodied  paints  yield  much  better  coats,  as  far  as  durability 
is  concerned,  than  those  formed  by  poor  bodied  paints. 

It  has  often  been  proposed,  especially  when  spirits  of 
turpentine  is  dear,  to  replace  it  by  heavy  benzine,  and  even 
by  petroleum  spirit,  but  painters  much  prefer  spirits  of 
turpentine.  The  partisans  of  benzine  and  white  spirit  proclaim 
the  superiority  of  these  products,  because  their  evaporation 
is  more  rapid,  more  complete,  and  without  residue ;  Avhilst 
spirit  of  turpentine  evaporates  more  sloAvly,  and  tends  to 
resinify,  in  contact  with  the  air,  thus  introducing  a  deteriorating 
agent  into  the  paint.  The  partisans  of  spirit  of  turpentine 
attribute  to  it  the  property  of  accentuating  the  drying  pro¬ 
pensities  of  the  oil,  always  of  great  benefit  in  painting.  It 
folloAvs  in  regard  to  this  point,  from  numerous  tests  made 
by  the  author,  that  by  using  a  good,  recently  distilled,  spirit  of 
turpentine,  no  deteriorating  resinification  will  occur  in  painting 
therewith.  Moreover,  the  resulting  paints  Avere  easily  applied, 
the  brush  gliding,  as  it  Avere,  of  its  own  accord.  With  benzine 
and  white  spirit  the  paints  had  always  the  feeling  of  being  too 
dry,  and  more  hard  to  spread,  this  applying  to  paints  made 
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normally  as  above.  The  author  then  thinned  the  paints  with 
oils,  thickened  to  a  certain  body,  by  boiling,  and,  in  that  case, 
benzine  and  white  spirit  did  not  show  any  difference  from 
spirits  of  turpentine,  either  as  regards  application,  or  the 
durability  of  the  resulting  coats  of  paint.  It  seems,  therefore, 
ceteris  "paribus ,  that  the  superiority  of  spirit  of  turpentine,  lies 
in- the  greater  facility  with  which  the  paint  can  be  applied,  this 
liquid  having,  so  to  speak,  greater  unctuosity  than  the  rivals 
opposed  to  it.  Thus,  in  using  the  latter,  it  is  necessary  to 
watch  the  proportions  in  which  they  are  made  to  enter  into  the 
paint,  so  as  to  leave  therein  an  unctuosity  corresponding  to 
that  which  would  result  from  the  use  of  spirit  of  turpentine. 

Paint  is  generally  prepared  by  grinding  the  base  in  oil,  the 
colour  is  then  incorporated,  and,  finally,  spirit  of  turpentine  is 
added  to  bring  about  the  desired  fluidity.  The  paint  is  said  to 
be  thinned.  If  a  brilliant  paint  be  desired,  the  proportion  of  oil 
to  spirit  of  turpentine  is  increased ;  if  the  coat  of  paint  should 
be  very  brilliant,  raw  oil  is  mixed  with  the  boiled  oil,  and, 
reciprocally,  less  spirit  of  turpentine  is  used.  To  obtain  flat 
coats,  the  stiff  paint  is  thinned  with  spirits  of  turpentine  alone, 
or  with  very  little  oil. 

Strictly  definite  proportions  for  producing  perfectly  good 
liquid  paint  cannot  be  given.  Each  of  the  elements  of  which 
it  is  composed  not  only  vary  at  the  will  and  with  the  skill  of 
the  practitioner,  but  vary  also  with  the  nature  of  the  materials 
placed  in  mutual  contact.  It  has  just  been  said  that  the  ratio 
of  oil  to  spirit  of  turpentine  varies  with  the  degree  of  lustre 
which  it  is  desired  to  obtain  ;  if,  on  the  other  hand,  the  bases 
most  generally  used,  white  lead  and  zinc  white,  show  only 
slight,  almost  inappreciable,  differences  from  one  factory  to 
another,  it  is  not  the  same  with  the  tinting  colours,  which  not 
only  exhibit  great  differences  amongst  themselves,  but  also 
differ  according  to  the  firm  from  whom  obtained.  These 
products  can  be  obtained  in  variable  molecular  conditions. 
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Now  this  physical  property  has  a  great  effect  on  painting 
materials.  It  is  perfectly  well  recognised  that  for  any  given 
powder,  the  lower  its  apparent  density  the  greater  will  be  its 
spreading  power,  and  the  more  oil  it  will  require  to  form  a 
paint  of  a  given  fluidity.  Thus,  as  far  as  products  made  by 
precipitation  are  concerned,  this  density  may  vary  almost 
infinitely,  which  explains  why  a  certain  product  mav  require 
a  “  thinner  ”  more  or  less  rich  in  oil.  That  is,  moreover,  the 
rationale  of  the  methods  of  working  of  those  painters  who, 
when  they  thin  paints,  never  do  so  by  weighed  quantities,  hut 
only  by  volume,  which  they  gauge  by  the  eye.  Whilst 
admitting  that  there  are  many  cases  where  it  would  he  difficult 
to  work  otherwise,  it  is  a  matter  for  regret  to  see  this  operation 
conducted  in  such  an  empirical  or  rule-of-thumb  way,  even 
with  products  possessing  perfectly  constant  physical  properties, 
such  as  the  bases  white  lead,  zinc  white,  and  a  good  number  of 
tinting  colours. 

This  chapter  may  well  be  closed  by  a  few  remarks  on  driers, 
which  are  almost  always  added  to  paint.  As  the  name  indicates, 
driers  are  intended  to  hasten  the  drying  of  the  raw  oil  entering 
into  the  composition  of  the  paint  vehicle.  The  driers  used 
in  painting  are  of  two  sorts — liquid  driers  and  siccatives  in 
powder.  The  first  is  formed  from  oil,  boiled  with  a  salt  of  lead 
or  of  manganese,  and  generally  thinned  with  a  greater  or  less 
amount  of  spirits  of  turpentine.  When  paints  are  intended 
for  application  in  localities,  where  they  may  be  exposed  to 
sulphuretted  hydrogen  emanations,  the  use  of  lead  driers  should 
he  forbidden,  so  as  not  to  blacken  the  paint  by  the  formation  of 
lead  sulphide.  Manganese  driers  are  used  in  such  cases. 

Solid  driers,  generally  termed  “zumatic  driers,”  (siccatives),  are 
made  by  the  intimate  mixture  of  an  inert,  pulverulent  product, 
such  as  carbonate  of  lime  and  finely  pulverised  litharge,  or  of 
dry  white  lead.  As  siccatives  of  this  category  are  liable  to 
blacken  under  the  action  of  sulphuretted  hydrogen,  lead  driers 
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are  replaced  by  manganese  driers,  and  principally  by  borate  of 
manganese.  Driers  are  added  to  the  paint,  in  minimum  pro¬ 
portions,  in  the  ratio  of  3  to  5  per  cent,  of  the  raw  oil  which 
they  contain.  Certain  painters  lower  even  this  figure  by  using 
the  same  proportion  calculated  to  the  whole  paint. 

Liquid  driers  ought  to  be  preferred  to  driers  in  powder  form, 
because  their  admixture  with  the  paint  is  far  more  intimate,  and 
consequently  more  uniform.  Paints  with  a  white  lead  base  and 
the  tinting  colours  of  which  are  also  lead  salts,  such  as  lead 
chromate,  red  lead,  etc.,  require  no  driers,  being  sufficiently 
drying  in  themselves. 


CHAPTER  IT. 


The  Different  Varieties  of  White  Leads. 

THE  DUTCH  PROCESS - GRINDING  WHITE  LEAD  IN  OIL. 

TT7HITE  lead  has  for  a  long  time  been  the  exclusive  basis 
'  of  all  oil  paints,  in  virtue  (1)  of  the  body  which  it 
imparts  to  the  paint,  (2)  of  the  drying  property  which  it 
imparts  to  the  oil,  and  (3)  of  the  resistance  which  it  presents 
to  the  action  of  atmospheric  agents.  It  was  known  in  the 
most  remote  antiquity.  The  Greeks  and  the  Romans  knew 
how  to  prepare  it.  After  them  the  Arabs  produced  it  success¬ 
fully.  But  the  cradle  of  its  industry  would  appear  to  have 
been  Venice,  which  for  a  long  time  had  the  monopoly  of  its 
manufacture,  whence  it  passed  into  Austria,  into  Holland, 
into  England,  and  finally  into  France,  where  its  preparation 
did  not  assume  a  manufacturing  scale  until  the  beginning  of 
the  nineteenth  century. 

White  lead  is  a  salt  of  lead,  which  is  too  often  wrongly 
regarded  as  a  carbonate  of  lead.  It  is  really  a  hydrocarbonate 
of  that  metal,  with  the  formula  2C03Pb,Pb0H20 ;  however, 
this  formula  must  not  be  taken  but  in  an  altogether  general 
sense,  for  it  corresponds  to  the  product  with  the  composition 
of  31  per  cent,  of  hydrate  to  69  of  carbonate.  Whereas 
these  proportions  not  only  vary  from  one  process  of  manufacture 
to  another,  but  the  proportions  even  vary  in  white  lead  made 
by  the  same  process;  by  the  Dutch  process,  for  example, 
from  one  operation  to  another,  white  leads  are  obtained  con- 
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taining  26  to  35  per  cent,  of  hydrate,  and  65  to  74  per  cent, 
of  carbonate.  Whatever  be  the  method  of  manufacture,  the 
goal  aimed  at  is  always  to  obtain  the  salt  of  lead  which 
corresponds  to  the  above  formula,  variations  excepted,  within 
the  indicated  limits  of  the  percentage  of  the  two  constitutive 
elements  of  white  lead.  Many  processes  are  in  existence  for 
the  production  *of  white  lead  yielding  products  of  rather 
variable  quality.  They  may  he  classified  as  follows  : — 

1.  Dutch  process. — This  is  by  far  the  most  generally  used  in 
white  lead  producing  countries,  and  particularly  in  France, 
because  it  yields  quite  a  superior  product  for  painting, 
principally  with  regard  to  covering  power.  From  the  fact 
that  this  process  yields  an  excellent  product,  it  was  for  a 
long  time  believed,  and  is  still  frequently  believed,  that  the 
best  white  lead  comes  from  Holland.  That  is  a  grave  error, 
for  French  manufacturers  produce  white  lead  which  can 
compete  with  the  best  brands  of  the  whole  world,  whilst,  on 
the  other  hand,  the  small  amount  of  white  lead  made  in 
Holland  is  of  inferior  quality,  being  almost  always  sophisticated 
with  sulphate  of  baryta. 

2.  The  French  or  precipitation  process,  more  generally 
known  under  the  name  of  the  Clichy  process,  was  invented 
by  Thenard  in  1801.  This  process  has  never  given  but  a 
secondary  quality  of  white  lead,  in  spite  of  the  important 
improvements  which  have  been  successively  brought  to  bear 
on  the  method.  Moreover,  the  few  factories  using  this 
method  likewise  make  white  lead  by  the  Dutch  process,  and 
always  sell  this  latter  at  a  higher  price  than  the  white  lead 
they  make  by  the  Clichy  process. 

3.  Hot  chamber  process. — This  method,  very  common  in 
Germany,  is  a  variation  of  the  Dutch  process,  in  which  the 
natural  heat  disengaged  by  fermenting  farmyard  dung  is 
replaced  by  artificial  heat  from  a  fire.  The  white  lead  thus 
obtained  is  good,  but  less  esteemed  by  the  painter  than  white 
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lead  by  the  Dutch  process,  in  spite  of  the  fact  that  it  is 
generally  of  a  purer  white  than  the  latter. 

4.  Krems  process. — This  is  another  variation  of  the  Dutch 
process.  As  its  name  indicates,  it  was  first  adopted  at  Krems, 
from  which  it  spread  through  Austria  into  Germany.  The 
heat  produced  by  fermenting  farmyard  manure  is  replaced 
by  that  generated  by  the  fermentation  of  the  marc  of  wines 
(grape  skins,  etc.).  The  white  lead  thus  produced  is  very 
good,  it  is  of  a  particularly  brilliant  white;  it  is  still  often 
termed  Krems  white  in  trade.  In  Austria,  where  this  method 
is  very  well  conducted,  the  finest  scales  of  white  lead  are 
selected  to  form  quite  a  special  quality,  known  under  the 
name  of  silver  white,  which  is  used  in  fine  painting. 

5.  English  method. — This  process  is  based  on  the  simul¬ 
taneous  action  of  acetic  acid  or  lead  acetate,  and  carbonic 
acid  on  litharge.  A  rapid  method  of  manufacture  is  thus 
obtained,  but  the  Avhite  lead  which  results  is  less  dense, 
covers  less,  and  is,  consequently,'  less  appreciated  than  that 
furnished  by  the  Dutch  process ;  the  latter  process,  therefore, 
seems  to  be  the  most  generally  used  even  in  England. 

DUTCH  PROCESS. 

This  process,  being  by  far  the  most  general  one,  it  will  be 
described  in  some  detail.  It  rests  on  the  following  principle  : 
Metallic  lead  submitted  to  the  combined  action  of  the  air  and 
of  acetic  acid  forms  a  basic  acetate,  which,  in  presence  of 
carbonic  acid,  yields  hydrocarbonate  of  lead  and  neutral 
acetate  of  lead ;  this  latter  is  decomposed  to  a  great  extent 
by  the  moist  carbonic  acid  produced  by  the  fermentation  of 
organic  matter — farmyard  dung,  spent  tan,  wine  marcs  {grape 
sldns),  and  often  by  a  mixture  of  these  different  materials. 
This  fermentation  produces  a  temperature  which  may  reach 
80°  and  even  100°  C.  (say,  176-212°  F.). 

As  to  the  industrial  application  of  this  principle,  an  applica- 
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tion  which  has  not,  with  the  exception  of  a  few  details,  varied 
for  over  a  century,  it  comprises  the  following  operations : — 
(a)  the  preparation  of  the  lead  to  be  converted ;  (6)  building 
the  stack  ;  (c)  the  management  of  the  stacks  during  the  progress 
of  the  conversion ;  (d)  dismantling  the  stacks. 

Preparation  of  the  lead.- — The  lead  is  converted  either  in 
the  form  of  sheets  or  gratings.  The  latter  is  the  form  most 
frequently  adopted,  because  it  exposes  a  larger  surface  of  the 
metal  to  be  attacked.  The  lead  used  should  be  of  premier 
quality,  and  preference  is  generally  given  to  soft  refined.  If 
sheets  be  used,  the  sheets  are  cut  up  into  pieces  of  about  50 
to  60  centimetres  in  length  (say,  20-24  inches)  by  10  to  20 
centimetres  in  width  (say,  4-8  inches),  and  2  centimetres 
thick  (say,  f  inch).  If  the  lead  be  used  in  the  form  of 
gratings,  it  is  melted  in  a  hemispherical  pot,  about  40  inches 
wide,  and  it  is  run  into  moulds  having  the  form  of  the  gratings 
which  it  is  desired  to  obtain. 

The  melting  should  be  conducted  in  such  a  way  that  the 
lead  fumes,  very  feeble  it  is  true,  which  may  be  disengaged, 
the  lead  being  at  the  temperature  of  about  400°  C.  (752°  F.), 
do  not  incommode  the  workmen.  The  melting-pot  is  therefore 
placed  under  a  hood  with  a  good  draught ;  some  factories  even 
push  this  hygienic  measure  so  far  as  to  instal  a  fan  above  the 
hood  to  propel  the  vapour  in  question  a  long  way  off  into 
the  open  air.  It  is  a  very  laudable  precaution,  the  adoption 
of  which  cannot  be  too  strongly  urged. 

Erecting  the  stachs.  —  The  stacks  or  pits  constitute  the 
apparatus  in  which  the  chemical  reaction  is  produced,  namely, 
transformation  of  the  metallic  lead  into  hydrocarbonate.  A 
stack  consists  of  a  rectangular  excavation  made  in  the  soil  to 
the  depth  of  about  5  feet,  and  is  continued  above  ground 
by  solid  walls  in  masonry  to  the  height  of  about  10  feet. 
On  the  front  of  the  stacks  the  Avail  does  not  entirely  cover 
that  side,  so  as  to  leave  a  free  passage  for  building  the  stack. 
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As  to  the  superficial  dimensions  given  to  the  stacks,  they  vary 
somewhat  in  different  factories,  being  about  16  feet  in  width, 
with  a  length  of  16,  32,  and  48  feet. 

In  building  a  stack,  the  workmen  entrusted  with  the  job 
first  spread  a  layer  of  farmyard  dung  on  the  floor,  40  centi¬ 
metres  (say,  16  inches)  thick,  then  on  that  layer  they  arrange 
glazed  earthenware  pots  containing  dilute  pyroligneous  (acetic) 
acid  marking  3°  B.  If  sheets  of  lead  are  used,  they  are 
introduced  into  the  pot,  the  interior  of  which  is  so  shaped 
that  the  lead  does  not  come  in  contact  with  the  acid,  and 
the  pots  are  themselves  covered  with  a  disc  of  lead  forming 
a  lid ;  if  lead  gratings  be  used,  they  are  simply  placed  on 
the  pots,  the  one  above  the  other.  In  both  of  these  arrange¬ 
ments,  the  pots  are  placed  the  one  against  the  other,  and  thus 
cover  the  whole  surface  of  the  bed,  leaving  simply,  between 
the  sides  and  the  first  range  of  pots,  an  open  space  of  16 
inches,  which  is  filled  with  dung. 

A  first  bed  or  layer  of  pots  being  thus  made  with  lead,  in 
sheet  or  in  gratings,  cross-beams  are  placed  above  it,  and  these 
support,  in  their  turn,  a  floor  of  boards  covering  the  whole  of  the 
surface  of  the  pots.  On  this  floor  another  layer  of  dung  is  made 
as  in  the  bottom  of  the  stack,  on  which  is  installed  a  new  bed  or 
layer  of  pots,  lead,  cross-beams,  and  boards,  as  made  in  the 
sole  of  the  stack,  and  so  on  until  8,  9,  or  10  superimposed  rows 
of  pots  are  built  up.  The  bay  of  the  wall,  leaving  passage  to 
the  workmen  who  built  the  stack,  is  closed  up,  and  the  stack 
left  to  itself;  it  is,  be  it  well  understood,  finished  off  on  the 
top  by  a  layer  of  farmyard  dung. 

Finally,  it  must  be  mentioned  that  in  building  up  the  stack 
a  chimney  is  formed  in  the  centre,  to  carry  off  the  vapours. 
This  arrangement  of  the  stacks  corresponds  well,  it  will  be 
seen,  with  the  principle  of  the  reaction,  which  has  to  be 
brought  into  play.  The  heat,  disengaged  by  the  fermentation 
of  the  dung,  causes  the  acetic  acid  contained  in  the  pots  to 
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evaporate,  and  these  vapours,  concurrently  with  the  air  stored 
between  the  floorings  and  the  pots,  attack  the  lead  at  the 
same  time  that  the  carbonic  acid,  also  disengaged  by  the 
fermentation  of  the  dung,  fixes  itself  on  the  basic  acetate,  so  as 
to  produce  hydrocarbonate  of  lead. 

Note. — The  factories  which  still  work  with  lead  sheets  use 
a  pot  of  a  special  shape.  In  the  interior  of  the  latter,  and 
half-way  up,  there  is  a  circular  rim,  on  which  lies  the  sheet  of 
lead,  rolled  into  the  form  of  a  spiral,  whilst  the  dilute  acid, 
placed  in  the  bottom,  rises  up  to  within  a  few  centimetres 
of  the  above-mentioned  rim.  These  pots  generally  have  the 
following  dimensions  : — depth,  24  centimetres  (say,  10  inches)  ; 
top  diameter,  15  centimetres  (say,  6  inches);  bottom  diameter, 
10  centimetres,  (say  4  inches).  With  their  somewhat  rounded 
shape,  they  somewhat  resemble  laboratory  crucibles. 

When  the  lead  is  in  gratings,  and  that  is  the  most  general 
form  in  the  white  lead  works  of  the  present  day,  the  pots  are 
absolutely  uniform  in  the  inside ;  and  their  depth  is  only 
about  half,  say  about  12  centimetres  (say,  5  inches).  Their 
capacity  then  is  still  amply  sufficient  for  what  acid  they  have 
to  contain,  the  latter  not  filling  them  completely. 

The  conversion  of  the  lead  is  so  much  the  more  complete 
the  less  the  weight  of  this  metal  on  the  pots,  in  other  words, 
per  square  metre  of  the  surface  of  each  of  the  beds  in  the 
stack,  but  the  latter  would  then  assume  enormous  dimensions, 
thus  necessitating  vast  working  space.  To  economise  space, 
therefore,  the  pots  are  covered  with  several  intercrossed 
gratings  ;  and,  it  may  be  stated,  in  a  general  way,  that  there 
is  introduced  into  the  stack,  on  an  average,  double  the  weight 
of  lead  to  that  which  corresponds  to  the  chemical  reaction 
which  it  is  sought  to  accomplish. 

The  farmyard  dung  employed  should  be  horse  dung,  and  it 
is  necessary  to  avoid  that  of  carnivorous  animals,  such  as  the 
pig,  for  example.  Such  dung  disengages  sulphuretted  hydrogen, 
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forming  black  lead  sulphide.  Horse  dung  itself,  also,  it  is 
true,  disengages  sulphuretted  hydrogen,  but  in  such  a  small 
quantity  as  not  to  injure  the  whiteness  of  the  white  lead ; 
moreover,  many  white  lead  manufacturers  assert  that  the 
traces  of  lead  sulphide  thus  produced  impart  to  the  white  lead 
a  more  considerable  covering  power  than  when  it  is  absolutely 
exempt  therefrom.  The  dung  can  be  used  twice ;  it  is  pre¬ 
ferable,  however,  to  mix  a  portion  of  that  previously  used  with 
fresh  dung.  Farmyard  manure  is  to-day,  to  a  large  extent, 
replaced  by  spent  tan,  the  process  coming,  it  is  said,  from 
England ;  this  product  has  many  merits.  (1)  It  is  a  more 
appropriate  substance,  and  more  hygienic  for  the  workmen 
entrusted  with  building  up  and  dismantling  the  stacks. 
(2)  As  it  disengages  no  trace  of  sulphuretted  hydrogen,  it 
always  yields  a  very  white  white  lead.  Finally,  the  exhausted 
tan  can  serve  as  fuel,  in  white  lead  factories,  in  furnaces 
specially  constructed  for  its  combustion.  On  the  otheT  hand, 
the  fermentation  of  spent  tan  being  much  less  active  than 
farmyard  dung,  the  work  of  the  stacks  last,  with  the  first,  two 
and  three  months,  whilst,  with  the  second,  it  is  finished  at  the 
end  of  six  weeks. 

Again,  in  some  white  lead  factories,  the  work  is  done  with 
a  mixture  of  farmyard  dung  and  spent  tan,  with  the  view  of 
profiting  from  the  advantages  accruing  from  the  use  of  both 
these  products.  The  author  does  not  believe  that  this  method 
of  working  is  to  be  recommended,  but  that  it  is  better  to  adopt 
exclusively  one  or  other  of  these  substances.  Fermentation  is 
always  more  homogeneous,  and  the  working  of  the  stacks  more 
uniform. 

The  icorking  and  management  of  the  stacks. — This  is  assuredly 
the  most  delicate  part  of  the  manufacture,  and  is  generally 
only  entrusted  to  an  experienced  foreman.  It  is  by  means  of 
the  chimney,  arranged  during  the  formation  of  the  stack,  that 
the  progress  of  the  reaction  is  regulated.  The  vapours  are  in 
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fact  disengaged  by  tliis  chimney,  so  the  opening  should  be 
regulated  so  as  only  to  let  the'vapour  of  water  (i.e.  steam)  escape, 
and  not  to  lose  any  pyroligneous  acetic  acid  vapours.  The 
interior  temperature  of  the  stacks  should  vary  from  60°  C.  to 
70'J  C.  (140-158°  F.)  during  the  first  three  or  four  weeks;  after 
this  period  the  temperature  lowers  notably,  and  then,  the 
chimney  is  completely  closed.  It  is  especially  by  the  appear¬ 
ance  of  the  vapour,  which  escapes,  as  well  as  its  smell,  that  the 
white  lead  manufacturer  recognises  the  good  working  of  the 
operation ;  but  this  rule-of-thumb  method  is  the  cause  of 
numerous  mistakes,  and  the  most  experienced  white  lead 
manufacturers  are  not  absolutely  sure  of  their  product  until 
the  stacks  are  dismantled  and  they  may  “  spoil  an  operation,” 
in  spite  of  all  the  care  brought  to  bear  upon  it.  By  “  spoiling 
an  operation,  it  is  to  be  understood  that  the  stack  does  not 
produce  the  desired  quantity  of  white  lead,  and  that  the  scales 
which  it  yields  are  neither  white  nor  thick. 

The  exterior  temperature  likewise  exerts  a  notable  influence 
on  the  progress  of  the  operation.  It  will  be  conceived  that,  in 
summer,  fermentation  is  more  active  than  in  winter,  and 
requires,  therefore,  to  be  followed  with  much  greater  attention. 
The  yield  is  also  better  the  less  the  quantity  of  metallic  lead 
placed  on  the  pots;  but  then  the  cost  price  is  increased — (1) 
by  the  greater  amount  of  space  occupied  by  the  stacks;  (2) 
by  the  labour  entailed  in  building  them.  Therefore  the 
amount  of  metal  per  superficial  metre  of  the  stack  is  always 
forced,  and  it  is  taken  that  the  latter  transforms  40  to  60  per 
cent,  of  the  lead  with  which  it  was  fed,  producing  then  50  to 
75  lbs.  of  white  lead  per  100  lbs.  of  lead  treated. 

Dismantling  the  stacks. — It  may  be  said  that  the  dismantling 
of  the  stacks  is  the  converse  of  the  building  of  them.  It  will 
only  be  necessary,  therefore,  to  insist  on  certain  quite  special 
points  of  this  operation,  which  are  of  particular  interest  as 
regards  the  health  of  the  workmen.  The  dismantling  of 
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a  stack  consists,  therefore,  in  lifting  oil  the  upper  coat  of  dung, 
the  hoarding,  and  the  cross-pieces ;  that  done,  the  metal  comes 
in  sight,  covered  with  a  more  or  less  thick  layer  of  real  scales, 
which  constitute  the  white  lead.  At  this  stage  of  the  dis¬ 
mantling  process,  the  gratings  covered  with  white  lead  are 
drenched  with  water  so  as  to  avoid  the  formation  of  white  lead 
dust.  Workmen,  with  hands  covered  by  indiarubber  gloves, 
raise  the  gratings,  place  them  in  wooden  boxes,  which  are 
deposited  in  trucks  or  in  small  waggons  to  transport  them  to 
the  adjacent  workshop. 

Separation  of  the  scales.- — As  mentioned  when  discussing 
the  yield,  the  gratings  or  sheets  of  lead  are  not  entirely  trans¬ 
formed  into  white  lead.  The  metal  is  more  or  less  deeply 
attacked,  carrying,  therefore,  a  more  or  less  thick  layer  of  scales  ; 
but  the  core  still  consists  of  unconverted  metal,  which  has  to  be 
removed.  For  that  purpose,  a  mechanical  process  is  adopted, 
which  consists  in  passing  the  plates  through  a  laminator  with 
grooved  rolls.  Each  white  lead  manufacturer  possesses  for 
this  purpose  his  machine,  more  or  less  perfect,  but  which  ought 
to  fulfil  the  following '  requirements  : — A  workman  with  gloves 
on  throws  the  plates  covered  with  white  lead,  which  he  brings 
in  the  boxes  above  mentioned,  into  a  bin.  From  this  bin,  the 
plates  pass  between  the  grooved  rolls ;  the  lead  is,  in  a  sort  of 
way,  scraped,  and  falls  on  to  a  cloth,  from  which  a  second 
workman,  also  with  gloves  on,  seizes  it  to  throw  it  into  a 
receptacle  of  some  sort.  This  lead,  remelted,  is  used  to  make 
new  gratings  and  new  plates.  As  to  the  white  lead,  it  is  trans¬ 
ported,  automatically,  by  the  cloth  into  a  chamber,  from  wdience 
it  is  afterwards  taken  to  pass  through  the  grinding  mills.  The 
machine  for  stripping  the  lead  should  he  connected  with  a  fan, 
which  removes  all  the  fine  white  lead  dust,  so  that  the  men, 
whether  occupied  in  feeding  the  lead  covered  with  scale  into 
the  machine,  or,  in  freeing  the  band  from  the  stripped  metal, 
are  not  liable  to  come  in  contact  with  white  lead  dust. 
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Again,  according  to  the  method  of  manufacture,  and  the 
method  of  stripping,  the  white  lead  is  separated  with  a  larger  or 
smaller  quantity  of  comminuted  dust.  This  dust  must,  there¬ 
fore,  he  the  object  of  special  supervision,  and  be  aspirated 
by  fans,  special  to  the  places  where  it  is  formed,  to  be  stored, 
immediately  and  automatically,  in  perfectly  closed  reservoirs. 

Grinding  the  white  lead  scale  in  water. — Arrived  at  the  point 
just  indicated,  the  white  lead  is  finished,  as  far  as  chemical 
leaction  and  separation  from  the  white  lead  is  concerned,  but 
it  cannot  be  put  on  the  market  in  that  form,  and  it  must  be 
reduced  to  a  very  fine  powder.  Hence  the  necessity  of  subject¬ 
ing  it  to  energetic  grinding.  This  operation  is  conducted  in 
stone  mills,  analogous  to  those  used  for  grinding  wheat  into 
flour.  The  scales  of  white  lead  submitted  to  this  grinding  are 
abundantly  moistened  with  water,  so  as  to  form  a  paste,  and 
it  is  this  paste  which  is  fed  into  the  mills.  The  formation 
of  injurious  dust  is  thus  avoided.  To  obtain  an  impalpable 
powder,  the  white  lead  passes  through  several  mills  in  succession. 
Certain  factories  repeat  the  operation  eight  times.  Generally 
the  paste,  ground  by  the  first  mill,  is  seized  by  a  conveyor  of  an 
appropriate  form,  which  carries  it  to  a  second  mill,  from  the 
latter  the  paste  passes  in  the  same  way  to  a  third,  and  so  on, 
up  to  the  last  grinding  apparatus.'  These  mills,  when  the 
operation  is  well  conducted,  are  adjusted  so  that  each  of  them 
effects  a  finer  and  a  finer  grinding.  It  is  often  said  of  these 
mills  that  they  are  arranged  in  “  cascade  ”  form. 

In  the  early  days  of  the  manufacture  of  white  lead  it  was 
thought  the  workmen  could  be  perfectly  protected  from  white 
lead  dust  by  the  fact  that  the  white  lead  was  ground  as  a 
water  paste.  The  observations  of  several  manufacturers, 
careful  of  the  hygiene  of  their  staff,  have  demonstrated  (1)  that 
the  splashes  from  the  mills  projected  on  the  ground,  and 
on  the  clothes  of  the  white  lead  workmen,  were  not  long  in 
drying  and  forming  the  dust  which  it  was  sought  to  avoid; 
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(2)  that  during  great  heat  the  substance  heated  under  the 
stones  and  a  little  water  evaporated,  with  a  characteristic 
odour  of  lead. 

To  obviate  the  first  inconvenience,  the  mills  should  he  com¬ 
pletely  enclosed,  likewise  all  the  conveyors  carrying  the 
substance  to  the  next  mill.  To  remedy  the  second  in¬ 
convenience,  it  suffices  to  fix,  above  the  cover  of  each  mill, 
an  appropriate  aspirator  and  expeller  of  the  vapours  above 
the  roofs  of  the  factory,  where  they  are  lost  in  the  open  air 
without  any  inconvenience. 

As  it  issues  from  the  last  mill,  the  white  lead  ground  to 
paste  takes  two  different  directions,  according  to  whether 
it  is  to  he  put  on  the  market  dry,  or  converted  into  stiff  paint. 
It  may  at  once  be  mentioned  that  it  is  in  the  latter  form  that 
its  use  is  most  developed,  and  it  is  in  that  form  that  most 
white  lead  manufacturers  deliver  it.  Nevertheless,  certain 
industries,  such  as  enamel  works,  potteries,  oil  boilers,  etc., 
require  dry  lead  in  powder,  which  obliges  white  lead  manu¬ 
facturers  to  produce  a  certain  quantity,  which,  it  may  be  stated 
once  more,  is  quite  a  minimum  one,  compared  to  that  which  is 
delivered  ground  to  a  stiff  paint  in  oil. 

Moreover,  certain  manufacturers  or  colour  merchants  prefer 
to  buy  dry  white  lead  in  powder,  and  to  grind  it  in  oil 
themselves.  They  thus  pass  for  manufacturers,  give  to  their 
product  a  special  mark,  and  can,  at  the  will  of  their  customers, 
mix  their  white  lead  with  a  larger  or  smaller  amount  of 
sulphate  of  baryta  (barytes),  thus  forming  different  numbers  or 
qualities. 

The  system  of  Customs  duties  between  different  countries, 
moreover,  encourages  the  grinding  of  white  lead  in  powder. 
Without  entering  into  details,  as  to  the  Customs  duties  between 
France,  Germany,  Belgium,  Switzerland,  etc.,  it  may  be  said 
that  when  these  duties  are  five  francs  (four  shillings)  on  the 
product  ground  on  oil,  they  are  only  two  to  three  francs  (one 
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and  sevenpence  to  two  and  fivepence)  on  the  dry  product.  It 
follows  that  the  German  grinders,  amongst  others,  often  buy 
from  French  or  Belgian  manufacturers  the  excess  of  their  pro¬ 
duction  of  dry  white  lead  in  powder,  to  grind  it  themselves. 
On  their  side,  the  French  grinders  go  to  the  Germans.  In 
each  country  the  white  lead  manufacturers  are  thus  forced 
to  sell  white  lead  in  powder,  as  a  raw  material  without  a  trade 
mark,  and  at  small  profit,  in  such  a  way  as  to  leave  a  remunera¬ 
tive  margin  on  the  selling  price  of  white  lead  ground  in  oil, 
without  indication  of  origin.  It  will  be  seen  further  on,  in 
regard  to  grinding  white  lead  in  oil,  how  white  lead  is  ground 
into  a  dry  powder. 

Preparation  of  white  lead  as  a  dry  powder. — White  lead 
finely  ground  in  water  paste  form,  as  it  issues  from  the  last 
mill,  is  deposited  in  the  dishes  placed  in  stoves  heated  by  steam 
to  a  temperature  of  about  80°  C.  (176°  F.).  These  stoves  should 
be  perfectly  ventilated,  not  only  to  accelerate  the  drying,  but 
to  drive  away  the  moist  vapour  which,  as  already  mentioned, 
presents  a  very  marked  smell  of  lead,  and  thus  forms  a  pro¬ 
duct  very  injurious  to  the  health  of  the  workmen  entrusted 
with  placing  the  dishes  in  the  stove,  and  taking  them  out  again. 

After  five  or  six  days  the  product  is  perfectly  dry,  and 
in  the  form  of  cakes,  rather  hard  hut  very  friable,  and  of  a 
peculiar  unctuosity  to  the  touch.  These  cakes  must  he 
pulverised.  They  are  taken  by  a  workman,  who  reverses 
the  dishes  into  a  hopper,  at  the  bottom  of  which  is  a  screw 
conveyor,  which,  whilst  crushing  the  material,  carries  it  to  a 
grinding  machine. 

As  in  the  separation  of  the  scales  from  their  gratings,  it  is 
advisable  to  provide  the  hopper  with  a  fan,  which  carries  any 
white  lead  dust  that  may  be  formed  far  away  from  the  operator. 

As  to  the  pulverising  machines,  the  models  in  vogue  are  very 
numerous ;  they  almost  all  consist  of  crushers,  which  revolve 
at  great  speed,  in  which  the  iron  or  steel  blades  energetically 
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strike  the  material  so  as  to  break  up  completely  the  agglomera¬ 
tion  produced  in  drying,  and  to  restore  to  the  white  lead  the 
lineness  which  it  had  when  in  the  state  of  water  paste.  Certain 
of  these  disintegrators  are  even  fitted  with  sifting  gratings, 
which  only  allow  products  of  a  certain  degree  of  fineness  to 
pass,  whilst  the  tailings  pass  into  a  special  receiver  and  are 
again  passed  through  the  disintegrator. 

Without  discussing  the  value  of  these  machines,  some  of 
which  work  well,  and  yield  a  product  of  remarkable  fineness, 
it  may  he  safely  asserted  that  one  cannot  he  absolutely  assured 
of  a  good  final  product,  except  by  passing  the  powder  furnished 
by  the  disintegrator  through  a  sifting  machine.  This  latter 
apparatus  presents  no  very  special  feature.  It  consists,  like 
all  sifting  machines,  of  revolving  sieves,  furnished  with  wire 
gauze  of  different  numbers  according  to  the  degree  of  fineness 
desired,  the  tailings  or  core  being  again  passed  through  the 
disintegrator.  It  need  only  be  stated  that  the  sifting  machines 
should  be  perfectly  close,  and  not  allow  any  dust  to  pass  through, 
and  that  the  tailings  should  run  into  a  special  chamber,  also 
closed,  from  whence  an  appropriate  conveyor  should  carry 
them  to  the  disintegrator.  As,  in  spite  of  the  precautions 
indicated,  the  sifting  produces  large  quantities  of  dust,  all 
spreading  of  such  in  the  surrounding  atmosphere  is  avoided  by 
furnishing  the  sifting  machine  with  an  aspirator  at  the  entrance 
and  the  exit  for  the  material,  or  even  on  the  body  of  the 
machine. 

Sifting  machines  may  be  replaced  by  blowing  machines,  in 
which  the  force  of  the  current  of  air  entrains  the  white  lead  to 
the  collecting  chamber,  where  it  forms  a  mass  reduced  to  an 
impalpable  powder.  Blowing  machines  comprise  fewer  moving 
organs,  and  are  generally  made  of  wrought-iron,  which  admits 
of  their  being  rendered  absolutely  hermetical. 

It  may  be  added  that  certain  factories,  that  of  M.  Bxpert- 
Besan^on,  of  Paris,  amongst  others,  combine  both  pulverisation 
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and  blowing  in  one  machine.  This  apparatus  is  made  of 
wrought-iron,  and  is  absolutely  tight ;  moreover,  it  has  a  strong 
aspirator,  both  on  the  feeding  hopper  and  on  the  discharge 
exit ;  all  air  charged  with  dust,  which  issues  from  this  aspirator, 
is  propelled  into  a  depositing  chamber,  where  a  steam-jet  aids 
in  precipitating  the  dust. 

Finally,  it  may  be  stated  that  dry  white  lead  is  still  delivered, 
in  very  small  quantities  however,  in  the  form  of  cylindrical 
cakes  resembling  the  sticks  of  chalk  which  are  used  in 
schools.  This  shape  is  got  by  pressing  the  water  paste 
white  lead  and  moulding  it  in  the  moist  state,  then  drying  in 
absolutely  the  same  way  as  the  cakes  laid  on  the  dishes. 

I  Once  dry,  these  cakes  are  arranged  in  boxes,  or  in  any  other 
form  of  package,  and  put  on  the  market.  It  is  well,  it  is  even 
indispensable,  that  the  workmen,  on  whom  devolves  the  labour 
of  insertion  in  the  stove,  and  the  withdrawal  therefrom,  should 
wear  gloves  during  the  whole  time  of  handling.  It  is  none 
the  less  advisable  that  packing  be  done  in  a  well-ventilated 
place,  or  even  under  a  hood  fitted  with  a  fan,  which  removes 
all  the  white  lead  dust,  and  propels  it  into  a  chamber,  where 
it  may  be  collected,  to  be  added  to  the  powdered  white  lead. 

The  packing  of  white  lead  in  powder  merits  special  mention. 
In  a  general  way,  this  product  is  delivered  in  casks,  and  it  is 
necessary  that  the  contents  be  well  packed.  Ihis  is  done  by 
the  use  of  presses,  but  here  again  it  is  necessary  to  take 
great  precautions.  Alongside  the  barrel  being  filled,  it  is 
necessary  to  arrange  a  hood,  which,  by  means  of  a  violent 
current  of  air,  entrains  the  dust  towards  a  depositing  chamber, 
from  which  it  is  afterwards  removed.  In  France  this  organisa¬ 
tion  is  rendered  somewhat  difficult,  because  users  of  white 
lead  in  powder  are  accustomed  to  receive  this  product  in 
casks  of  very  variable  net  weight.  In  Germany,  on  the  con¬ 
trary,  white  lead  manufacturers  have  adopted  the  excellent 
method  of  delivering  white  lead  in  casks  of  an  absolutely 
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uniform  weight  and  volume.  It  follows  they  can  use 
mechanical  filling,  which,  by  suppressing  manual  labour,  in 
great  part,  at  least,  avoids  at  the  outset  the  dangers  incidental 
to  barrelling  the  lead.  The  French  makers  are,  however,  to  be 
excused,  as  their  production  and  their  sale  of  white  lead  in 
powder  constitutes  a  very  small  proportion  of  their  production, 
10  per  cent,  at  the  maximum.  Ninety  per  cent,  of  their  pro¬ 
duction  is  delivered  in  the  state  of  a  paste  in  oil  (stiff  paint), 
the  preparation  of  which  now  requires  to  be  examined. 

GRINDING  WHITE  LEAD  IN  OIL. 

The  painter,  who  is  the  largest  consumer  of  white  lead,  has 
been  accustomed  for  a  long  time  to  use  this  product  ready 
made,  that  is  to  say,  combined  with  a  certain  amount  of  oil, 
which  converts  it  into  a  stiff  paste,  that  can  be  taken  up  by 
the  knife  without  the  paint  either  running,  or  “  stringing,”  to 
use  the  trade  term.  Up  to  the  middle  of  last  century,  this  paste 
was  made  by  mixing  dry  white  lead  in  powder  with  a  certain 
amount  of  oil,  preferably  linseed  oil,  which  dries  best.  As 
already  mentioned,  there  are  a  somewhat  large  number  of  paint 
manufacturers  who  buy  white  lead  in  powder,  grind  it  in  this 
state  with  oil,  and  sell  it  in  the  state  of  paste  (stiff  paint), 
either  under  their  own  name,  with  a  distinct  trade  mark  or 
brand,  or  without  name  or  brand. 

The  grinding  in  oil  of  white  lead  comprises  two  operations — 
(1)  mixing;  (2)  grinding. 

1.  Mixing. — Mixing  consists  in  incorporating  with  the  dry 
white  lead  a  certain  amount  of  oil,  generally  90  parts  of  dry  white 
lead  in  powder,  with  10  parts  of  oil.  The  incorporation  is  effected 
in  a  mixer.  In  principle  this  apparatus  consists  of  a  cylinder  of 
cast-iron,  or  of  strong  wrought-iron  (body  of  the  pug  mill),  in  the 
centre  of  which  there  revolves  a  vertical  shaft  fitted  with  heli- 
coidal  blades,  which  not  only  keep  the  matter  in  motion,  but, 
moreover,  bring  it  from  the  centre  to  the  periphery,  by  causing 
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it  to  assume  a  turning  motion,  in  the  same  way  as  the  sock  of  a 
plough  in  ploughing.  The  cylinder  or  body  of  the  pug,  which 
is  fixed,  is  often  fitted  with  internal  baffles,  consisting  of  iron 
rods  projecting  almost  as  far  as  the  shaft.  These  baffles  fixed 
to  the  side  of  the  cylinder  are  placed  between  the  movable 
blades  in  such  a  way  that  the  material  brought  by  the  blades 
strikes  against  the  baffles  and  is  stopped  there.  The  next 
blade  seizes  the  slices  thus  produced,  carries  them  farther  on, 
where  they  are  subjected  to  the  same  treatment,  causing  perfect 

I  mixture  of  the  oil  and  powder.  This  apparatus  presents  a  great 
analogy  with  a  cement  mixer  (pug  mill),  only  it  is  not  so  long. 

Mixers  are  vertical  or  horizontal ;  when  vertical,  their  bottom 
is  often  slightly  rounded,  and  it  is  scraped  by  a  helical  blade 
bringing  the  matter  from  the  centre  to  the  periphery  (circum¬ 
ference).  A  discharge  door  is  fixed  to  the  bottom  of  the 
machine,  and,  when  opened,  the  matter  in  the  state  of  paste, 
runs  out  naturally,  by  the  effect  of  the  lower  blade.  The 
orifice  of  the  door  is  fitted  on  the  outside  with  a  sort  of  gutter, 
in  cast-iron,  which  conducts  the  stuff  towards  a  tub,  or  any 
other  vessel,  when  it  is  run  out,  as  just  mentioned. 

Mixers  are  also  made  horizontal ;  the  cylinder  (or  body)  is 
then  horizontal,  as  well  as  the  shaft  fitted  with  blades.  The 
latter  only  is  movable.  A  charging  door  is  fixed  on  the  upper 
part  of  the  cylinder,  and  in  its  lower  part  is  a  discharge  door, 
from  which  the  matter  runs  out  by  its  own  weight. 

Horizontal  mixers  exhibit  the  most  varied  arrangements. 
There  thus  exist  models  much  in  use,  the  fixed  cylinder  of 
which  is  divided  along  a  certain  diameter  into  two  parts. 
The  top  part  opens  to  receive  the  material,  the  under  part  can 
also  he  entirely  opened  to  discharge  the  apparatus.  As  these 
machines  are  generally  very  bulky,  each  of  the  movable  parts, 
charging  door  and  discharging  door,  is  fitted  with  a  counter¬ 
poise,  in  perfect  equilibrum  with  the  movable  piece,  to  render 
manipulation  easy. 
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What  one  should  seek  for  in  a  mixer  is  the  arrangement 
enabling  the  contact  of  two  materials,  so  essentially  different, 
in  nature  and  density,  as  white  lead  and  oil,  to  be  renewed 
every  moment.  Thus  the  author  is  a  great  partisan  of 
machines  the  work  of  which,  if  he  may  so  express  himself,  is 
as  irregular  as  possible.  In  fact,  when  the  apparatus  works 
regularly,  as  soon  as  the  product  being  treated  has  assumed  a 
pasty  consistency,  the  movable  organs  force  a  way  through 
this  paste,  and  revolve  without  forcing  the  material  to  change 
its  position,  consequently  without  mixing  the  whole  mass. 
Mixers,  with  blades  in  the  form  of  a  helix,  especially  when 
they  are  furnished  with  fixed  baffles,  exactly  avoid  this  in¬ 
convenience. 

It  has  been  attempted  to  apply  the  principle  of  the 
mechanical  kneader  or  masticator,  with  blades  of  a  special 
shape  to  the  mixing  of  white  lead  with  oil,  but  the  working 
of  these  machines  is  too  regular,  and  it  is  always  the  same 
“  furrow,”  so  to  speak,  of  pasty  white  lead  which  is  being 
“ploughed,”  the  rest  of  the  mass  remaining  attached  to  the 
sides.  The  vertical  mixer,  in  which  the  shaft  armed  with 
blades  not  only  turns  on  itself,  but  describes  a  circular  motion 
round  the  whole  cylinder,  has  likewise  been  recommended. 
The  apparatus  designed  so  to  act  is  very  ingenious,  but  if  it 
does  good  work,  its  output  is  less,  owing  to  the  greater  length 
of  path  to  be  traversed  by  the  parts  in  motion. 

Whatever  kind  of  mixer  be  used  for  the  purpose  of  mixing 
dry  white  lead  with  oil,  there  are  some  necessary  precautions 
to  take  at  the  time  the  mixer  is  charged  with  dry  powder, 
which  tends  to  diffuse  through  the  surrounding  atmosphere. 
Two  methods  are  utilised  to  obviate  this  grave  inconvenience. 
The  mixer,  especially  when  it  is  a  vertical  one,  may  be  covered 
with  a  jacket  of  supple  leather,  or  any  other  absolutely  im¬ 
permeable  fabric.  At  the  time  of  charging  the  mixer,  this 
jacket,  which  completely  envelops  the  cylinder  body  of  the 
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mixer,  can  envelop,  at  its  other  extremity,  the  cask  containing 
the  white  lead  in  powder.  By  tilting  the  cask,  all  the  powder 
runs  into  the  mixer,  without  generating  dust  outside.  The 
jacket  is  not  taken  off  the  cask  until  some  time  afterwards, 
when  it  is  judged  no  more  dust  will  he  raised  by  lifting  oft  the 
cask.  The  mixer,  as  far  as  it  is  concerned,  remains  closed 
by  this  jacket. 

The  second  method  consists  in  placing  the  mixer,  under  a 
hood,  in  which  a  good  fan  is  at  work.  The  mixer  can  then  be 
charged  by  means  of  a  shovel,  all  the  dust  being  aspirated  and 
drawn  into  a  depository  chamber. 

The  mixer,  being  gradually  charged  with  white  lead  in 
powder,  there  is  then  poured  on  it,  either  gradually,  or  all  at 
once,  the  amount  of  oil  necessary  to  convert  the  white  lead 
into  stiff  paint.  The  oil  used  in  France  is  linseed  oil,  or 
poppy  oil,  and  principally  the  latter,  as  will  be  seen  further  on. 
As  to  the  proportions  in  which  this  mixing  is  made,  they  are 
generally  the  following 90  per  cent,  by  weight  of  white  lead, 
for  10  per  cent,  by  weight  of  oil.  Linseed  oil  is  especially 
used  when  dry  white  lead  in  powder  is  being  ground ;  the  only 
plausible  reason  for  this  is  that  linseed  oil  is  always  consider¬ 
ably  cheaper  than  poppy  seed  oil.  Some  manufacturers  justify 
this  preference,  by  saying  that  as  linseed  oil  dries  better  than 
poppy  seed  oil,  the  stiff  paint  itself  also  dries  better.  If  the 
above  reasoning  be  correct,  the  motive  is  superfluous,  for  white 
lead  communicates  to  the  oil  very  quick  drying  properties,  and 
it  is  useless,  or  almost  so,  that  the  latter  should  dry  very  well 
by  itself.  Further,  if  the  linseed  oil  dry  very  rapidly,  such  as 
very  old  tanked  oil,  or  oil  oxidised  artificially,  it  gives  birth  to 
a  paint  which,  to  use  the  trade  term,  “strings,”  that  is  to  say, 
is  somewhat  fluid.  The  consistency  (degree  of  stiffness)  of 
stiff  white  lead  paint  ought  to  be  such  that  it  can  be  taken  up 
by  the  knife,  and  form  on  the  latter  a  slice  without  seams  or 
droppings.  “  Stringing  ”  stiff  paint  may  be  avoided  with  the 
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above  oils,  by  diminishing  the  proportions  given.  Finally, 
another  inconvenience  of  linseed  oil  is  to  yield  a  white  lead 
paint,  which,  applied  alone,  turns  yellow  somewhat  rapidly, 
especially  if  the  object  to  which  the  paint  is  applied  is  in  the 
shade. 

The  fact  of  this  yellowing  furnishes  a  very  good  means  of 
ascertaining  whether  the  white  lead  has  been  ground  in  linseed 
oil,  or  in  poppy  seed  oil.  The  white  lead  to  be  tested  is 
spread  on  a  glass  slab  or  on  a  strip  of  tinned  iron,  which  is 
supported  against  a  wall,  sloping  it,  so  that  it  does  not  touch 
the  wall.  After  a  few  days,  the  white  lead  is  dry,  and,  if  it 
be  examined,  it  will  be  observed  to  have  a  very  decided  yellow 
cast,  if  prepared  from  linseed  oil ;  it  will,  on  the  contrary, 
appear  white,  if  made  from  poppy  seed  oil. 

What  has  been  said  of  the  defects  of  linseed  oil,  almost 
obviates  any  indication  of  those  of  poppy  seed  oil.  This  latter 
yields  a  white  lead  paint  with  very  adequate  drying  properties, 
which  remains  quite  white,  even  when  exposed  to  diffused 
daylight.  But  white  lead  ground  in  poppy  seed  oil,  once  dry, 
is  less  durable  than  white  lead  ground  in  linseed  oil ;  the 
latter  is  thus  preferable  for  particularly  durable  work,  as,  for 
example,  in  coach-painting.  The  duration  of  the  mixing 
process  to  obtain  a  fine  unctuous  paste  is  very  variable.  It 
depends  always  on  the  energy  with  which  the  mixer  works, 
and  also  on  the  total  quantity  being  mixed ;  finally,  it  depends 
also  on  the  surrounding  temperature,  and  of  that  of '  the 
products  white  lead  and  oil.  It  may  easily  be  shown  that,  in 
summer,  mixing  with  the  same  mixer  is  accomplished  more 
rapidly  than  in  winter.  The  operation  is  also  more  rapid 
when  the  mixer  is  well  designed ;  and  brings  the  constitutive 
elements  of  the  mixture  in  perfect  contact. 

It  would  be  a  mistake  to  believe  that  the  greater  the  length 
of  time  the  mixing  is  prolonged,  the  better  is  the  product. 
When  the  operation  is  longer  than  is  necessary,  the  mixture  is 
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certainly  more  complete,  but  the  material  in  the  end  becomes 
heated,  in  consequence  of  the  rubbing  to  which  it  is  submitted, 
the  quality  of  the  oil  is  altered,  and  its  combination  with  the 
salt  of  lead  gives  rise  to  secondary  fatty  products,  the  formation 
of  which  it  is  desirable  to  prevent.  This  remark  is  especially 
applicable  in  working  with  linseed  oil.  Too  prolonged  mixing 
ends  in  a  paste  with  a  tendency  to  string.  In  the  white  lead 
grinding  trade,  the  work  of  the  mixer  is  regulated  so  that  it 
uniformly  feeds  the  grinding,  which  is  the  succeeding  operation, 
and  it  may  be  said,  in  a  general  way,  that  a  good  mixer  ought 
to  have  accomplished  its  work  in  an  hour  at  the  most. 

It  is  almost  impossible  to  specify  exactly  the  moment  when 
the  mixing  is  terminated,  owing  to  the  various  causes  given 
above,  which  influence  this  operation,  but,  with  a  little  practice, 
it  is  easily  seized.  It  can  easily  be  ascertained  when  the  white 
lead  is  well  mixed,  when  it  exhibits  a  pasty  homogeneous  mass, 
without  any  dry  particles  or  any  free  oil,  and  without  any 
lumps.  At  this  point  the  blades  of  the  mixer  move  freely  in 
the  paste,  and  leave  therein  a  sort  of  track  which  causes  the 
surface  to  resemble  a  series  of  drawn-out  skeins  of  wool,  with¬ 
out,  however,  exhibiting  any  viscosity  which  would  indicate  a 
stringy  white  lead. 

2.  Grinding  is  the  operation  which  immediately  follows 
mixing.  Its  object  is  to  finish  and  to  perfect  the  work  of  the 
mixer.  Grinding  is  done  in  roller  mills,  sets  of  apparatus 
which  consist  of  three  parallel  cylinders  or  rolls  in  juxta¬ 
position,  with  horizontal  axes  resting  on  a  frame  or  foundation. 
The  shaft  of  the  central  roll  rests,  by  its  two  extremities,  in 
fixed  bearings,  whilst  the  bearings  which  support  the  shafts  of 
the  two  extreme  rolls  are  movable  and  can  approach  or  recede 
from  the  middle  roll,  this  displacement  having,  however,  but  a 
very  feeble  amplitude.  This  opening  and  closing  movement  is 
imparted  by  very  varied  arrangements,  but  which  all  tend  to 
maintain  the  parallelism  of  the  rolls  as  perfect  as  possible. 
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It  is  generally  the  middle  roll  which  is  driven  by  the  motor, 
and  it  transmits  the  motion  to  the  other  cylinders  by  a  system 
of  cog-wheels,  the  diameter  of  which  are  calculated  so  that  the 
central  roll  makes  three  revolutions,  the  back  roll  only  one 
revolution,  and  the  front  roll  makes  five.  Above  the  two  rolls 
— middle  and  back — a  hopper  is  fixed,  into  which  the  paste, 
coming  from  the  mixer,  is  fed ;  this  hopper,  the  longitudinal 
axis  of  which  is  placed  in  the  line  of  separation  of  the  two  rolls 
in  question,  bears  in  its  interior,  on  the  sides  perpendicular  to 
the  axes  of  the  rolls,  rounded  pieces  of  wood  exactly  embracing 
the  rolls,  and  ending  in  sharp  points  capable  of  penetrating 
slightly  into  the  space  (always  very  minute)  which  separates 
these  two  rolls.  These  pieces  of  wood,  which  are  often  termed 
pointes  de  cceur  (centre  points),  are  regulated  by  an  adjusting 
screw,  which  enables  them  to  rise  or  fall  more  or  less  according 
to  the  distance  between  the  rolls.  Their  effect  is  to  prevent  the 
paste  from  spreading  over  the  ends  of  the  rolls,  and  thus  to  be 
projected  beyond  them.  The  paste,  falling  between  the  two 
rolls,  is,  owing  to  the  difference  in  their  speed  of  revolution, 
not  only  compressed  but  still  further  crushed,  which  in 
augmenting  the  fineness  of  the  paste  gives  the  desired  result. 
In  virtue  of  its  greater  speed,  it  is  the  middle  roll  which  charges 
itself  with  the  greatest  amount  of  substance,  which  it  afterwards 
delivers  to  the  front  roll,  the  latter,  revolving  at  the  greatest 
speed,  rapidly  frees  the  middle  roll  from  the  paste  with  which 
it  is  covered.  Again,  between  the  two  last  rolls  the  difference 
in  their  speed  of  revolution  produces  simultaneous  crushing 
and  compression  which  finishes  the  work  of  the  two  first  rolls. 
Finally,  in  front  of  each  set  of  rolls  is  the  blade  of  a  knife, 
which  scrapes  the  substance,  deposited  on  this  front  roll,  and 
allows  it  to  fall  into  a  wooden  tub,  from  which  it  is  taken 
finished  ready  for  filling  into  packages. 

Ever  since  its  invention,  the  roller  mill  has  retained  this 
principle  of  its  arrangement,  but  it  has  undergone  numerous 
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improvements.  The  opening  out  or  closing  up  of  the  two 
movable  rolls  (the  front  and  back  rolls)  was  accomplished,  first 
of  all,  by  means  of  two  adjusting  screws,  worked  by  hand 
wheels  acting  on  the  movable  bearings,  at  the  end  of  each 
spindle.  This  arrangement  had  the  disadvantage  of  requiring 
the  workman  to  perform  quite  an  identical  manoeuvre  on  each 
of  these  screws  so  as  to  bring  about  exact  parallelism  between 
the  two  rolls.  Later  on,  this  double  screwing  was  replaced  in 
a  certain  fashion  by  one  only,  and  for  that  the  bearings  of  the 
two  extremities  of  the  same  shaft  are  driven  by  a  single  axis 
by  means  of  eccentrics  or  endless  screws.  By  working  on  the 
spindle  by  a  hand  wheel,  the  two  bearings  are  made  to  recede 
or  advance  to  identically  the  same  extent.  Finally,  the  use 
of  plummer  blocks  to  support  the  ends  of  the  spindle  of  the 
rolls  gives  very  good  results  in  securing  parallelism  between 
the  rolls,  an  essential  condition  to  good  working. 

In  the  beginning  the  rolls  were  made  of  cast-iron,  but  the 
hardness  of  this  substance  was  soon  recognised  as  insufficient  to 
produce  good  grinding,  and  one  of  the  great  advances  made  in 
the  improvement  of  this  machine  was  the  substitution  of 
granite  for  cast-iron.  At  the  present  day,  chiefiy  in  the  north 
of  France,  manufacturers  are  going  back  to  cast-iron  rolls.  But 
they  then  use  cast-iron  which  has  been  hardened  specially  for 
the  purpose,  which  in  reality  is  in  no  way  inferior  to  granite 
from  the  point  of  view  of  this  special  property. 

As  granite  rolls  can  only  be  made  straight  from  one  end  to 
another,  it  follows  that  the  hopper  or  feed  guards  can  never 
be  fixed  completely  tight  on  the  two  rolls  which  it  covers,  and 
in  spite  of  the  wooden  centre  piece,  the  paste  escapes  and 
shoots  out  all  along  the  line  of  contact,  falls  outside  the  rolls,  is 
not  ground,  and  it  is  necessary  to  collect  it  underneath  the 
rolls  so  as  to  pass  it  through  them  once  more. 

With  cast-iron  rolls,  made  from  a  pattern,  constructed  as 
desired,  an  abutment  can  be  adjusted  to  their  extremities, 
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against  which  the  pointe  de  coeur  rubs,  and  thus  secures 
complete  tightness  to  the  hopper.  Finally,  as  even  granite 
rolls  wear  by  this  continual  friction  of  the  paste  against  them, 
they  must  be  redressed  from  time  to  time.  Flow  the  dressing  or 
turning  of  granite  rolls  is  much  more  difficult  to  do  than  that 
of  cast-iron  rolls,  and  can  only  be  done  by  means  of  special 
corundum  mills. 

One  point  is  very  much  discussed  in  the  trade,  that  is, 
whether  it  is  preferable  to  have  perfectly  smooth  uniform  rolls, 
or  rolls  presenting  a  slightly  granular  surface.  In  Germany 
they  prefer  the  former ;  the  rolls  there  are  consequently  made 
of  perfectly  polished  porphyry.  In  France  the  white  lead 
manufacturers  who  prefer  cast-iron  rolls  also  insist  that  they 
be  highly  polished.  This  condition  of  the  rolls,  producing, 
according  to  the  manufacturers  who  adopt  it,  a  grinding,  which 
is  perforce  very  energetic,  secures  the  greatest  fineness  in  the 
paste,  since  it  is  obliged  to  force  a  passage  between  two  surfaces 
which  only  leave  between  them  an  almost  mathematical  line. 
Those  in  favour  of  granite  rolls  claim  for  this  material,  in 
addition  to  the  advantage  of  its  hardness,  that  which  it 
exhibits  of  presenting  surfaces  formed,  so  to  speak,  of  an 
infinite  number  of  alveoles,  very  shallow,  it  is  true,  but  the 
edges  of  which  are  very  sharp,  and  thus  divide  the  material  still 
further,  which  is,  in  fact,  a  form  of  grinding. 

As  far  as  the  author  is  concerned,  having  used  rolls  on  both 
principles,  he  is  of  opinion  that  both  are  equally  good,  provided, 
however,  that  the  differences  in  the  revolutions  of  the  rolls  be 
judiciously  applied  in  each  case.  With  granular  rolls,  such  as 
those  made  of  granite,  the  difference  in  speed  of  the  rotation  of 
each  of  the  rolls  need  not  be  higher  than  those  indicated  above, 
and  the  author  has  many  times  found  that  the  particles  of 
paste  undergo  a  real  tearing,  as  well  as  compression.  With 
highly  polished  rolls  these  speeds  of  revolution  ought  to 
exhibit  a  greater  ratio  in  proportion  as  the  substance  of  which 
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the  roll  is  composed  is  more  highly  polished,  consequently 
this  ratio  ought  to  he  greater  for  porphyry  than  for  cast-iron, 
and  therefore  greater  for  the  latter  than  for  granite.  In  that 
case,  in  fact,  if  there  be  no  tearing  asunder  of  the  particles  of 
the  paste,  there  is  compression,  a  rubbing-up,  for  which  it  is 
indispensable  to  allow  a  sufficiently  long  time  to  obtain  good 
work. 

As  to  the  tightening  of  the  rolls,  the  one  against  the  other, 
this  depends  on  the  degree  of  fineness  which  it  is  desired  to 
obtain,  the  latter  being  so  much  the  greater  as  the  tightening 
up  is  stronger.  It  must  not  be  exaggerated  however,  and  it 
should  be  done  in  a  very  gradual  manner,  so  as  not  to  block  the 
rolls,  it  being  well  understood  that  the  more  the  rolls  are 
tightened  up,  the  less  is  the  output  of  the  machine. 

The  white  lead  issuing  from  the  rolls  is  finished,  and  ready 
to  be  delivered  to  the  trade.  It  must  be  mentioned,  however, 
that  it  is  often  passed  through  the  rolls  several  times  in 
succession,  so  as  to  impart  great  fineness  to  it.  However, 
especially  in  grinding  in  linseed  oil  and  old  tanked  oil,  it  must 
not  be  passed  through  the  rolls  more  than  twice,  otherwise  the 
white  lead  paint  is  liable  to  be  stringy. 

Stiff  white  lead  paint,  made  as  just  indicated,  is  delivered  in 
casks,  which  are  filled  either  directly  as  the  material  flows  from 
the  rolls,  or  by  lifting  it,  by  the  aid  of  shovels,  from  the  wooden 
tubs,  into  which  it  has  fallen  as  it  came  from  the  rolls.  When 
the  white  lead  is  intended  for  immediate  consumption,  or  not 
exceeding  about  a  month  from  the  time  when  it  was  prepared,  it  is 
packed  in  tight  beech  wood  casks  ;  these  latter  being  adapted  for 
50,  100,  and  200  kilogrammes,  in  round  figures,  say,  in  1  cwt., 
2  cwt.,  and  4  cwt.  casks.  When,  on  the  other  hand,  stiff  white 
lead  paint  in  oil  is  intended  to  be  used,  only  after  the  expiry 
of  a  long  time  from  its  manufacture,  it  is  packed  in  tinned  iron 
cylinders,  perfectly  closed,  and  the  lid  of  which  is  soldered  on. 
These  cylinders  (or  “silos,”  as  the  author  also  terms  them, 
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which  are  actually  “  tin  ”  cans)  are  in  turn  packed  in  casks, 
which  then  only  serve  to  protect  the  metallic  package,  are 
somewhat  roughly  made,  and  need  not  be  tight. 

Finally,  when  the  white  lead  is  intended  for  exportation — and 
France  exports  a  large  quantity — it  is  well  to  fit  the  tin  can 
with  a  mouth,  placed  in  one  of  its  bottoms  and  closed  by  a  cork. 
This  cork  is  fixed  opposite  a  hole,  placed  in  the  bottom  of  the 
wooden  case,  a  hole  which  may  likewise  be  closed  by  a  cork. 
This  arrangement  enables  the  Customs  to  inspect  the  goods 
without  having  to  spoil  the  package. 

Stiff  white  lead  paint,  packed  in  wooden  casks,  is  preserved 
therein  for  rather  a  long  time,  especially  if  these  casks  have 
already  been  used  for  the  same  purpose,  because  they  are  then 
coated  inside  with  a  skin  or  pellicle  of  dry  white  lead  which 
effectually  protects  the  matter  contained  therein.  In  new 
casks  stiff  white  lead  paint  in  oil  has  a  tendency  to  dry  against 
the  sides,  the  sides  of  the  casks  absorbing  a  portion  of  the  oil 
contained  in  the  paint.  Left  in  contact  with  the  air,  stiff 
white  lead  paint  in  bulk,  whether  in  the  cask,  or  in  any  other 
vessel,  is  rapidly  covered  by  a  dry  skin,  which  must  be  removed 
and  rejected  to  get  at  the  paint  beneath.  But  this  inconven¬ 
ience  and  loss  may  be  obviated  if  care  be  taken  to  cover  the 
surface  of  the  pasty  mass  with  a  thin  layer  of  clean  water.  By 
this  means,  stiff  white  lead  may  be  preserved  for  practically  an 
indefinite  period.  However,  white  lead  thus  preserved,  or 
enclosed  in  hermetically  closed  vessels  (soldered  tin  cans), 
may  become  stringy  after  a  certain  time,  which  is  expressed 
by  saying  in  trade  language  that  the  white  lead  is 
2ioissante  (which  possibly  corresponds  with  the  English  term 
“  tacky '’). 


GRINDING  IN  OIL  OF  MOIST  WHITE  LEAD. 

One  of  the  most  important  steps  in  advance  in  the  progressive 
improvements  brought  to  bear  in  the  grinding  of  white  lead 
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in  oil  was  to  perform  this  operation  by  bringing  directly  to 
the  mixer  ( i.e .  to  the  pug  mill)  the  aqueous  paste  of  Avhite 
lead  issuing  from  the  flatstone  mills,  and  mixing  it  in  the 
pug  mill,  with  the  necessary  quantity  of  oil.  After  a  certain 
time,  the  oil  combines  with  the  white  lead  and  forms  a  greasy 
paste,  above  which  there  floats  in  a  more  or  less  thick  layer 
all  the  water  contained  in  the  product  issuing  from  the 
mills. 

No  one  agrees  very  well  as  to  who  was  the  inventor  of  this 
process.  Some  attribute  it  to  Theodore  Lefevre  of  Lille, 
others  to  Expert-Besangon  of  Paris.  All  that  the  author  can 
say  on  the  subject  is  that  the  principals  of  these  two  firms 
applied  the  process  almost  simultaneously  and  with  equal 
success. 

One  observation  must  be  made  in  regard  to  this  process.  All 
oils  do  not  lend  themselves  with  the  same  readiness  to  this 
elimination  of  water,  and  it  is  poppy  seed  oil  Avitli  which 
this  phenomenon  is  produced  most  rapidly ;  and  it  is  said 
in  the  trade  that  poppy  seed  oil  is  the  oil  which  chases, 
i.e.  expels  the  Avater  the  best.  It  accomplishes  this  opera¬ 
tion,  in  fact,  in  half  an  hour,  on  an  average  it  may  take 
a  little  longer  in  winter  than  in  summer.  It  depends  also 
on  the  chemical  composition  and  the  regular  density  of  the 
hydrocarbonate  of  lead  produced  by  the  Dutch  process. 

The  great  advantage  of  this  method  will  be  understood,  frst, 
from  an  economical  point  of  view,  since  it  suppresses  drying, 
grinding  to  powder,  sifting  of  the  Avhite  lead ;  secondly,  from 
the  point  of  vieAV  of  the  hygiene  of  the  workmen,  Avho  are 
never  exposed  to  Avhite  lead  dust.  Therefore  all  the  white  lead 
factories  make  the  greater  portion  of  their  stiff  white  lead 
paint  in  this  Avay. 

The  water,  floating  on  the  stiff  paste  of  Avhite  lead  in  oil,  is 
eliminated  by  decantation,  and  this  elimination  is  complete. 
Only  a  feAV  thousandth  parts  of  Avater  can  be  detected,  which  is 
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found  imprisoned  in  sort  of  pockets  which  has  either  escaped 
grinding,  or  which  has  fallen  into  the  finished  product.  It  is 
well  to  add  that  this  minimum  quantity  of  water  presents  no 
inconvenience  in  applying  the  paint. 

However  long  may  he  the  time  of  mixing,  the  composition 
of  the  stiff  white  lead  in  oil  remains  constant,  and  is  as 
follows : — 

Per  Cent. 

White  lead  brought  back  to  the  dry  state  .  .  90 

Oil  . . 10 

It  is  therefore  important  that  each  manufacturer  should  know 
exactly  the  percentage  of  water  in  the  aqueous  white  lead 
paste  coming  from  the  mills,  so  as  to  be  able  to  add  to  it 
the  requisite  amount  of  oil  in  the  mixer.  Finally,  whatever 
may  be  the  time  occupied  in  mixing,  or  the  temperature  at 
which  it  is  conducted,  it  is  impossible  to  incorporate,  in  the 
stiff  white  lead,  the  smallest  amount  of  water  expelled  by  the 
oil.  The  stiff  paste,  as  it  comes  from  the  mixer,  passes  to  the 
rolls  to  be  ground,  as  before,  and  it  is  passed  through  the  rolls 
once,  twice,  or  even  three  times,  according  to  the  degree  of 
fineness  which  it  is  desired  to  obtain.  If  the  water  has  not 
been  properly  decanted,  it  runs  on  the  rolls,  and  escapes  by 
the  exit  from  the  rolls.  If  such  a  paste  is  passed  through  a 
new  set  of  rolls,  the  presence  of  this  water  may  render  it 
incapable  of  taking  the  stiff  paste  in  oil,  on  the  moistened  parts; 
therefore,  in  the  case  just  mentioned,  it  is  always  necessary, 
before  starting  a  new  set  of  rolls,  to  grease  them  by  moistening 
them  with  linseed  oil,  and  to  turn  them  against  each  other  in 
this  state  for  a  few  minutes.  The  cylinders,  once  greased,  do 
not  take  the  water,  which  rolls  along  so  as  to  escape  by  the 
front  roll. 

Stiff  white  lead  in  oil  has  rather  a  variable  densitjq  according 
to  the  method  of  making  the  white  lead  when  the  Avhite  lead 
is  well  made  by  the  Dutch  process,  its  density,  Avhen  it  is  in 
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the  form  of  a  stiff  paste  in  oil,  should  be  4,  or  very  near  that 
figure.  Moreover,  the  most  dense  pastes  are  generally  the 
most  appreciated  and,  it  may  he  said,  the  best.  As  the  stiff 
white  lead  in  oil  issues  from  the  rolls,  it  is  packed  as  described 
above. 


CHAPTER  III. 


OTHER  PROCESSES  OF  MANUFACTURING  WHITE  LEAD. 

T  N  this  chapter,  only  the  different  processes  of  manufacturing 
white  lead,  properly  so  called,  will  be  examined,  without 
reverting  either  to  its  grinding  to  obtain  any  desired  degree  of 
tenuity,  or  to  its  grinding  in  oil.  These  operations  are 
identically  the  same  as  those  described  for  the  Dutch 
process. 

It  will  be  understood  from  what  has  been  said  that  this 
process  is  somewhat  empirical,  and  that  it  was  bound  to 
occur  to  the  minds  of  chemists  to  replace  it  by  a  rational 
method  based  on  science.  It  is  to  Thenard,  in  1801,  that  the 
first  scientific  method  of  preparing  white  lead  was  due— a 
method  more  generally  known  under  the  name  of  the  Clichy 
process,  which,  towards  1830,  was  more  often  still  called  the 
French  process. 


THE  FRENCH,  OR  CLICHY  PROCESS. 

It  rests  on  the  following  chemical  reaction  : — A  current  of 
carbonic  acid  gas  traversing  a  solution  of  basic  acetate  of  lead 
precipitates  carbonate  of  lead  and  regenerates  the  normal 
acetate  which  can  dissolve  fresh  oxide  of  lead  to  form  the 
basic  acetate,  which  is  in  its  turn  treated  with  gaseous  carbonic 
acid.  The  reaction  can  thus  be  rendered  continuous.  It  is 
always  the  same  acetic  acid  which  figures  in  the  reaction, 
with  the  exception  of  inevitable  loss,  which  a  well-constructed 
apparatus  is  capable  of  rendering  almost  negligible. 
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In  the  beginning  the  Clichy  process  was  wrought  thus.  In 
a  wooden  vat,  tarred  so  as  to  prevent  the  disintegration  of  the 
wood,  litharge  was  dissolved  in  acetic  acid.  An  agitator  was 
fitted  to  the  vat  to  keep  the  particles  of  oxide  of  lead  in 
contact  with  the  acid  liquid,  and  thus  assist  solution  and  the 
formation  of  basic  acetate.  When  this  solution  marked  17°  to 
18°  R,  the  agitator  was  stopped  and  the  liquid  allowed  to 
settle.  The  clear  liquid  was  then  run  into  a  copper  vat,  where 
it  clarified  completely.  When  clarification  was  complete  the 
liquid  was  sent  into  the  decomposition  vat,  which  was  very 
long  and  shallow,  with  a  width  about  half  its  length,  say,  6 
metres  long  by  3  metres  wide  by  0-9  metre  deep  (say,  20  feet  x 
10  feet  x  3  feet).  This  decomposition  vessel  was  closed  by  a 
lid  traversed  by  numerous  copper  tubes  (800  for  above 
dimensions)  which  branched  off  from  one  or  several  main 
conduits  and  dipped  about  0  3  metre  (say,  10  inches)  into  the 
decomposition  vat.  It  is  through  these  tubes  that  the  carbonic 
acid — -produced  in  a  special  furnace  by  calcining  limestone  or 
burning  coke — by  which  the  precipitation  of  the  basic  acetate 
of  lead  is  effected,  arrives.  The  carbonic  acid  thus  produced, 
after  cooling  and  washing,  is  propelled  into  the  main  pipes,  and 
thence  into  the  small  tubes.  Generally  the  carbonic  acid  was 
aspirated  from  the  furnace  which  produced  it  by  an  Archimedean 
screw  placed  in  a  reservoir  of  water.  The  gas  was  thus  both 
washed  and  cooled.  Thence  it  was  propelled  into  the  main 
pipes,  and  thence  again  into  the  small  tubes,  from  which  it  was 
projected  into  the  solution  of  basic  acetate  of  lead,  where  it 
produced  a  precipitate  of  white  lead. 

Precipitation  was  complete  in  twelve  hours,  and  whilst  the 
clear  liquid,  which  should  mark  12°  R,  was  sent  to  the  tar- 
coated  wooden  vat,  where  it  was  brought  in  contact  with  litharge, 
the  precipitate  in  the  form  of  paste  was  sent  into  a  special  vat, 
where  it  was  washed  by  decantation.  This  washing  terminated, 
the  white  lead  itself  was  finished,  and  the  advantage  secured  by 
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this  method  was  a  sufficiently  attenuated  product  which  had 
no  further  need  to  pass  through  the  mills,  and  the  benefit  of 
being  able  to  always  use  the  same  acetic  acid. 

If  it  was  desired  to  obtain  dry  white  lead,  the  paste  was 
placed  in  a  stove,  as  in  the  Dutch  process  ;  if  it  was  desired  to 
make  stiff  white  lead  in  oil,  it  was  only  necessary  to  send  the 
paste  to  the  mixer,  then  to  the  rolls,  and  it  behaved  as  indicated 
above. 

Notwithstanding  the  indisputable  logic  of  the  rationale  of 
this  process,  the  white  lead  produced  by  it  exhibits  properties 
somewhat  different  from  the  Dutch  process  white  lead.  Thus, 
for  instance,  in  order  to  transform  it  into  stiff  white  lead  paint 
in  oil,  it  absorbs  13  to  14  per  cent,  of  its  dry  weight  of  linseed 
oil,  which  diminishes  both  its  consistency  and  density,  two 
properties  much  sought  after  by  the  painter.  Finally,  it  has 
less  covering  power  than  Dutch  process  white  lead,  and  that  is 
rather  remarkable,  as  it  is  opposed  to  that  which  occurs  with  all 
pulverulent  products  mixed  with  oil  for  paint  purposes. 

It,  in  fact,  may  be  taken  for  granted  that  the  more  finely 
pulverised  such  a  substance  is,  the  greater  is  its  covering 
power.  When  such  a  substance  is  in  the  amorphous  state,  it 
has  more  covering  power  than  when  pulverised  ever  so  fine  by 
grinding.  One  of  the  most  striking  examples  of  this  nature 
is  that  of  sulphate  of  baryta.  When  the  latter  is  obtained  by 
pulverisation  of  the  natural  rock  (barytes),  even  when  pushed 
to  an  extreme  degree  of  fineness,  it,  so  to  speak,  does  not 
possess  covering  power.  But  precipitated  sulphate  of  baryta, 
if  not  to  be  compared  Avith  white  lead,  has  yet  a  certain 
amount  of  covering  power.  Indeed,  it  is  much  used  in  this 
condition  for  mixing  with  special  colours,  to  attenuate  their 
shade  so  as  to  produce  different  tones  of  the  same  colour. 

It  would  seem,  therefore,  at  first  sight,  that  white  lead  made 
by  the  Clichy  process  ought,  as  compared  with  the  Dutch 
process  white  lead,  to  present  the  same  advantage  of  superior 
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covering  power,  since  it  is  an  amorphous  powder,  and  in  a 
much  finer  state  of  division.  However,  such  is  not  at  all  the 
case,  and  a  very  long  experience  has  always  assigned  to  white 
lead  by  precipitation  a  covering  power  notably  inferior  to  that 
of  Dutch  process  white  lead,  in  spite  of  the  many  very 
judicious  improvements  brought  to  bear  on  the  manufacture  of 
the  former. 

Amongst  these  there  may  be  pointed  out  that  which 
consisted  in  only  using  very  pure  carbonic  acid,  which  has 
caused  resource  to  be  made,  for  its  production,  to  the  most 
improved  forms  of  limekilns.  Later  on,  Ozouf  again  secured 
a  more  pure  carbonic  acid  by  drawing  it  from  the  combustion 
of  coal,  and,  after  submitting  it  to  several  washings,  causing  it 
to  be  absorbed  by  a  solution  of  carbonate  of  soda  marking  9° 
Baume  when  cold.  Bicarbonate  of  soda  was  thus  formed, 
which  was  decomposed  by  heat.  The  carbonic  acid  which 
he  collected,  freed  from  extraneous  gases,  was  stored  in  a 
gasometer,  whence  it  was  taken  gradually  for  precipitation 
purposes.1 

Pallu,  who  occupied  himself  much  with  the  preparation  of 
white  lead  by  precipitation,  and  who  brought  numerous 
improvements  to  bear  on  this  industry,  remarked  that  when 
white  lead  is  precipitated  as  described  above,  the  first  portions 
of  the  precipitate  yield  a  superior  product  to  that  obtained 
towards  the  end  of  the  operation.  He  therefore  concluded, 
not  without  reason,  that  the  precipitation  ought  always  to  be 
made  in  a  highly  concentrated  lead  solution.  He  therefore 
restored  the  oxide  of  lead  to  the  liquid  in  proportion  as  it  was 
precipitated,  in  such  a  Avay  that  the  carbonic  acid  was  never 
in  presence  of  a  weak  solution  of  basic  acetate. 

On  the  other  hand,  Ozouf  attained  the  same  result  by 
passing  the  carbonic  acid  into  a  vessel  where  the  solution  of 

1  See  Berscli’s  Mineral  and  Lake  Pigments  (Scott,  Greenwood  &  Son), 
pp.  105-110,  for  fully  illustrated  description. 
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basic  acetate  was  distributed  in  tlie  form  of  a  regular  sliower  of 
rain. 

But,  as  already  mentioned,  these  improvements  never 
enabled  a  white  lead  to  be  produced,  the  covering  power  of 
which  was  equal  to  that  made  by  the  Dutch  process.  No 
painter  would  take  it,  without  a  notable  reduction  in  price ; 
and,  finally,  all  the  French  factories  which  made  white  lead 
by  precipitation  have  disappeared,  or  have  reverted  to  the 
Dutch  process. 


HOT  CHAMBER  PROCESS. 

This  process,  as  already  described  at  the  beginning  of  this 
volume,  is  a  variation  of  the  Dutch  process,  in  the  sense  that 
it  applies  artificial  means  to  obtain  the  same  effects  as  those 
got  by  the  stack.  The  stack  is  replaced  by  a  vast  chamber,  in 
wood  or  masonry,  in  which  sheets  of  lead  are  suspended  on 
laths  or  batons.  The  leaden  sheets  are  generally  very  thin ; 
but  their  surface  varies  somewhat  with  the  factory.  Some  use 
sheets  which  do  not  exceed  a  kilogramme  (2-2  lbs.),  whilst 
others  impart  such  dimensions  to  these  that  they  weigh  10  and 
even  20  kilogrammes  (22  and  44  lbs.) ;  they  are  then  folded 
in  several  parts,  for  here  also  care  must  be  taken  to  impart  to 
the  metal  the  largest  surface  for  attack  possible. 

A  chamber  being  charged  to  its  full  capacity,  it  is  closed 
hermetically,  and  hot  carbonic  acid  distributed  by  different 
pipes,  so  as  to  come  in  contact  with  all  the  plates,  is  injected ; 
with  this  current,  and  entrained  by  it,  likewise  comes  the 
acetic  acid  vapour,  and  steam  from  a  boiler.  All  the  active 
elements  are  thus  combined,  the  functions  of  which  have  already 
been  described  in  dealing  with  the  stack  process. 

The  metallic  lead  is  converted  into  white  lead  in  two  or 
three  weeks,  and  such  conversion  is  almost  complete,  for  from 
a  chamber  charged  with  10  tons  of  metallic  lead,  only  200  to 
300  kilogrammes  (say,  4  to  6  cwt.)  of  unattacked  blue  (metallic) 
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lead  is  drawn  out,  which,  remelted,  is  again  used.  In  order 
to  discharge  a  chamber,  at  the  close  of  an  operation,  care  is 
taken  to  inject  a  very  strong  current  of  steam,  so  as  to  well 
moisten  the  material,  and  lay  dust  when  discharging. 

The  operations  which  follow  this  conversion  are  identical 
with  those  already  described. 

Even  though  it  imitates  in  every  point  what  happens  in 
the  stack  of  the  Dutch  process,  this  method  still  gives  a 
different  white  lead.  It  generally  exhibits  a  frothy  (dendritic  1 ) 
aspect,  with  softer  scales  than  those  produced  by  the  Dutch 
process,  and  yields,  in  the  end,  whether  in  the  form  of  a  dry 
powder,  or  in  the  form  of  stiff  paste  in  oil,  a  less  compact  and 
dense  product  than  that  produced  by  the  Dutch  process. 
These  are  two  characteristics,  regarded  as  defects  by  the 
paint  trade,  which  explain  why  the  product  thus  obtained  is 
less  appreciated  and  is  sold  at  a  lower  price. 

KREMS  PROCESS. 

This  process  is  adopted  in  a  very  general  way  in  Austria, 
and  yields  a  product  of  repute.  It  may  be  said  of  it  that 
it  is  the  reproduction  by  artificial  means  of  the  Dutch  process, 
to  which  it  approaches  more  than  the  hot  chamber  process, 
although  using  partially  the  same  means. 

In  the  Krems  process  the  stack  is  replaced  by  a  larger  or 
smaller  chamber,  artificial  heat  is  substituted  for  that  of  farm¬ 
yard  dung.  As  to  the  production  of  carbonic  acid,  it  is 
obtained  by  the  fermentation  of  the  marc  (skins,  etc.)  of  grapes, 
or  of  other  fruits. 

In  actual  practice  the  operation  is  conducted  as  follows : — 
Into  a  chamber  of  variable  dimensions,  according  to  the  factory, 
there  are  introduced  wrooden  cases,  tarred  inside,  to  which  the 
following  dimensions  are  generally  given :  length  1  to  1  '5 
metres,  width  35  to  40  centimetres,  depth  30  to  35  centimetres. 
The  bottom  of  each  case  is  lined  with  a  layer  of  grape  skins, 
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ol'  of  skins  of  different  fruits,  mixed  with  ace,tic  acid.  Above 
this  layer  thin  sheets  of  lead  slightly  folded  are  suspended 
on  laths ;  they  ought  to  he  fixed  on  the  laths  in  such  a  way 
that  their  edges  do  not  touch  each  other  nor  the  sides  of  the 

CclS6. 

The  cases  thus  prepared  are  placed  to  the  number  of  90, 
100,  or  even  150,  in  the  closed  chambers,  the  temperature  of 
which  is  progressively  raised  as  follows : — The  first  week  the 
temperature  is  kept  at  25°  C.  (77°  F.),  the  second  week  it  is 
brought  to  38°  C.  (100‘4°  F.),  the  third  week  to  45°  (C.  113°  F.), 
and  the  fourth  week  it  is  brought  to  50°  C.  (122  F.).  Then 
it  is  left  to  cool  slowly,  and  the  operation  is  finished  at  the 
end  of  six  weeks. 

The  reaction  which  occurs  will  be  understood  at  once.  The 
heat  to  which  the  chamber  is  subjected,  by  whatever  system 
of  heating,  causes  the  acetic  acid  to  be  vaporised,  at  the  same 
time  as  the  fermentation  of  the  fruit  marcs  generates  carbonic 
acid.  It  is,  as  will  be  seen,  a  variation  of  the  Dutch  process, 
a  happy  variation,  it  may  be  said,  as  the  white  lead  so  obtained 
is  particularly  beautiful  as  regards  whiteness.  This  property 
has  for  a  long  time  been  ascribed  to  the  exceptional  purity 
of  the  metallic  lead  used  at  Krerns,  and  to  the  fact  that  all 
the  Austrian  white  lead  manufacturers  endeavour  to  obtain 
this  lead,  which  amongst  other  properties  is  absolutely 
exempt  from  iron.  The  author  rather  believes  that  the  very 
special  whiteness  of  this  white  lead  arises  from  the  fact  that 
the  marc  (grape  skins,  etc.)  used  contains  no  trace  of  sulphur, 
and  consequently,  during  the  progress  of  its  fermentation,  no 
sulphuretted  hydrogen  is  evolved.  In  farmyard  dung,  and 
spent  tan,  on  the  other  hand,  whatever  care  may  be  exercised 
in  the  choice  of  raw  materials,  it  is  impossible  to  avoid  the 
formation  of  very  small  but  perfectly  appreciable  quantities 
of  sulphuretted  hydrogen.  If,  in  addition,  the  lead  contain 
a  little  iron,  the  sulphide,  which  then  forms,  is  not  absolutely 
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black,  but  verges  a  little  towards  maroon,  which  imparts  a  rose 
tint  to  the  white  lead.  This  tone  is  not  perceptible,  it  is  true, 
unless  placed  in  contrast  with  an  absolutely  pure  white,  such 
as  starch  powder.  White  lead,  by  the  Kreins  process,  contrasted 
in  the  same  way,  retains  a  perfectly  pure  white  colour. 

In  order  to  discharge  the  cases,  the  sheets  of  lead  covered 
with  white  lead  are  drenched,  and  the  remainder  of  the 
operations  are  identical  with  those  described  under  the  Dutch 
process.  Mention  may,  however,  be  made  in  passing  of  a 
peculiar  feature  of  the  Kreins  process  of  white  lead  manu¬ 
facture.  Before  sending  the  white  lead  detached  from  the 
sheets,  to  undergo  the  succeeding  operations  already  described, 
manufacturers  select  the  whitest  and  the  most  beautiful  scales, 
which  they  reduce  to  powder  by  processes  already  described, 
and  thus  produce  therefrom  a  special  quality,  silver  white. 
Indeed,  the  best  silver  white  comes  to  us  from  this  source  ; 
it  is  often  imitated  by  white  lead  obtained  by  precipitation. 

ENGLISH  PROCESS. 

This  will  only  be  mentioned  as  a  matter  of  history,  because 
it  appears  to  be  abandoned  even  in  England,  where  it  was 
invented.  Moreover,  the  numerous  attempts  made  in  France 
to  work  this  process  have  almost  all  failed,  the  method  in 
question  would  appear,  therefore,  to  be  condemned. 

The  English  process,  which  has  sometimes  been  called  the 
Quick  Dutch  process,  is  founded  on  the  simultaneous  action 
of  acetic  acid,  or  acetate  of  lead,  on  litharge  and  carbonic 
acid. 

In  actual  practice,  very  dilute  acetic  acid  was  mixed  with 
litharge  so  as  to  form  a  rather  thick  paste,  which  was  spread 
on  leaden  plates.  These  being  arranged  in  a  closed  chamber, 
a  current  of  pure,  well-washed  carbonic  acid  gas  was  passed  into 
it.  The  absorption  of  the  gas  was  facilitated  by  stirring  the 
pasty  mass  from  time  to  time  by  scrapers.  A  fresh  amount  of 
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litharge  was  added  in  two  or  three  different  applications  during 
the  course  of  the  manufacture.  The  mass  was  gradually 
converted  into  white  lead,  and  the  operation  finished  in  six 
weeks. 

The  white  lead  produced  by  the  “  English  ”  process  was  of 
inferior  quality,  because  it  was  less  dense  than  white  lead 
by  the  Dutch  process,  and  easily  absorbed  14  to  17  per  cent, 
of  oil,  during  its  conversion  into  stiff  white  lead  paint.  Some 
manufacturers  nevertheless,  by  prolonging  the  time  occupied 
in  mixing  this  white  lead  with  oil,  by  using  mixers  driven 
particularly  energetically,  were  enabled  to  reduce  the  percentage 
of  oil  and  to  bring  it  down  to  13  to  14  per  cent.,  but  then  the 
paste  obtained  was  more  compact,  which  for  a  long  time  has 
caused  it  to  he  said  that  white  lead  by  the  “English”  process 
was  very  hard.  The  painters  who  used  it  found  themselves 
obliged  to  increase  the  liquid  portion,  oil  and  spirits  of 
turpentine,  introduced  into  the  paint,  which  caused  it  to 
cover  less  and  in  many  cases  to  cost  more  than  white  lead 
prepared  by  the  Dutch  process. 


CHAPTEK  IV. 


White  Lead  Substitutes. 


SOPHISTICATION  OF  WHITE  LEAD— ANALYSIS  OF  WHITE  LEAD. 
LL  the  products  which  have  been  proposed  as  substitutes 


for  white  lead  will  not  he  examined  here.  It  may  he 
said  they  are  legion,  especially  of  late  years,  during  the  course 
of  which  a  very  vigorous  campaign  has  been  pursued  with  the 
object  of  suppressing  the  use  of  white  lead,  which  is  not 
without  presenting  real  danger  in  its  application.  There 
are,  however,  two  which  merit  special  mention,  because  they 
constitute  quite  special  products.  These  are  lithopone  and 
zinc  sulphide. 


LITHOPONE 


Lithopone  is  produced  by  double  decomposition  of  barium 
sulphide  and  zinc  sulphate,  which  give  a  precipitate  consisting 
of  a  mixture  of  barium  sulphate  and  zinc  sulphide.  These  two 
products  are  very  white ;  the  precipitate,  washed,  dried,  often 
calcined,  then  thrown  into  cold  water,  is  reduced  to  a  line 
powder,  then  mixed  with  oil  to  a  pasty  consistency. 

The  stiff  paint  which  lithopone  affords  with  oil  has  the 
appearance  of  a  very  fine  white  lead,  and  would  lead  one  to 
believe  that  in  it  they  had  actually  found  the  true  substitute 
for  white  lead.  Experience  and  use  has,  however,  shown  that 
the  hypothesis  was  not  well  founded.  Lithopone,  in  fact,  has 
much  less  covering  power  than  white  lead,  which  is  easily 
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explained  by  the  enormous  quantity  of  barium  sulphate  which 
it  contains,  for  the  chemical  formula  of  the  reaction  indicated 
above  specifies  by  weight  the  following  percentage : — 67  per 
cent,  of  sulphate  of  baryta  and  33  of  zinc  sulphide.  As  to  zinc 
sulphide,  it  seems  to  combine  in  a  way  with  the  oil,  and  con¬ 
sequently  to  approach  thereby  white  lead,  which  forms — in  a 
chemical  sense — with  the  oil  a  real  lead  compound.  But  the 
presence  of  zinc  sulphide  in  lithopone  is  not  always  without 
inconvenience.  Thus,  in  the  painting  of  certain  metals — iron, 
for  example, — zinc  sulphide  tends  to  abandon  its  sulphur  to  the 
iron  to  form  a  sulphide  of  iron,  a  fact  which  painters  often 
express  by  saying  lithopone  rusts  iron.  Finally,  it  must  be 
mentioned  that  zinc  sulphide,  in  virtue  of  its  sulphur,  tends 
strongly  to  combine  with  the  oil,  but  this  combination,  which 
greatly  resembles  a  vulcanisation  of  the  oil,  is  liable  to  decom¬ 
pose  it,  and  it  is  to  this  cause  that  the  author  attributes  the 
poor  permanency  and  durability  of  painting  done  with  lithopone. 

Amongst  the  other  defects  of  this  product  which  must  be 
pointed  out  is  the  irregularity  which  it  presents  as  regards 
quality.  This  irregularity  arises  from  the  extreme  difficulty 
which  exists  of  obtaining  commercially  barium  sulphide  of 
constant  composition.  Another  great  drawback  of  painting 
done  with  lithopone,  which  is  likewise  urged  against  it,  is  that 
it  eventually  exhibits  very  diverse  shade,  varying  from  white 
to  greyish  white,  often  passing  to  rose,  to  violet,  etc.  Researches 
made  to  discover  the  cause  of  these  abnormal  colorations  have 
attributed  them  to  the  presence  of  different  metals,  contained 
in  the  zinc  sulphate. 

To  sum  up,  without  absolutely  condemning  lithopone,  which 
may  find  its  place  in  a  certain  class  of  painting,  the  author, 
nevertheless,  thinks  that  its  use  will  never  become  general,  like 
that  of  white  lead,  even  though  numerous  actual  improvements 
have  been  realised  in  its  manufacture.  Of  these  there  may  be 
pointed  out  those  the  object  of  which  is  to  purify  the  zinc 
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sulphate,  efficiently  and  practically,  so  as  to  free  it  completely 
from  the  impurities  which  produce  the  above-mentioned  colora¬ 
tions.  This  product,  very  widely  used  in  Germany,  is  manu¬ 
factured  in  France  by  a  few  special  factories,  who  (the  author 
must  do  them  this  justice)  set  themselves,  as  much  by  improved 
plant  as  by  special  care  brought  to  bear  on  the  manufacture, 
to  produce  a  pure  product. 

Lithopone  generally  covers  rather  badly ;  it  is  almost  impos¬ 
sible  to  apply  it  on  iron  for  the  reason  already  given.  Its  use  for 
painting  wood,  new  wood  especially,  gives  bad  enough  results ; 
on  the  other  hand,  the  author  has  seen  it  applied,  not  without 
success,  as  a  surface  coating  on  plaster,  intended  to  be  covered 
with  2  or  3  coats  of  ordinary  paint.  Its  principal  advan¬ 
tage  is  its  comparative  cheapness  in  so  far  that  lithopone  stiff 
paint  in  oil  is  currently  sold  10  francs,  at  least,  per  100  kilo¬ 
grammes  (say,  4  shillings  per  cwt.)  below  the  price  of  white  lead. 

As,  according  to  the  degree  of  acidity  of  the  solution  of  zinc 
used  to  make  the  double  decomposition,  it  is  easy  to  obtain 
lithopone  with  a  valuable  percentage  of  barium  sulphate,  but 
never  below  67  per  cent.,  manufacturers  sell  this  product,  accord¬ 
ing  to  the  variable  percentage  of  zinc  sulphide  and  barium 
sulphate.  They  thus  sell  lithopone  as  or  which  signifies 
33  of  zinc  sulphide  and  67  of  precipitated  barium  sulphate,  or 
30  of  the  first  and  70  of  the  second,  for  qualities  are  made  con¬ 
taining  as  much  as  80  per  cent,  of  barium  sulphate  for  20  per 
cent,  of  zinc  sulphide. 


ZINC  SULPHIDE. 

Zinc  sulphide  as  a  stiff  oil  paint  has  for  some  time  been 
greatly  recommended  as  a  substitute  for  white  lead.  This  body 
gives,  it  is  true,  with  oil  a  paste  of  a  very  pretty  appearance, 
perfectly  homogeneous,  and  which  dries  well  enough.  But 
leaving  its  whiteness,  very  pure  and  perfectly  inalterable,  out 
of  account,  it  is  difficult  to  see  the  technical  reasons  which  can 
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justify  the  use  of  this  product  in  painting.  It  presents  the 
defects,  inherent  to  zinc  sulphide,  which  have  been  pointed  out 
in  connection  with  the  zinc  sulphide  present  in  lithopone.  If 
the  preparation  of  zinc  sulphide  as  a  stiff  paint  does  not  cost 
more  than  the  preparation  of  white  lead  stiff  paint,  the  in¬ 
dustrial  manufacture  alone  of  the  zinc  sulphide,  as  a  dry  powder, 
still  produces  a  relatively  high-priced  product,  and  finally  of  a 
stiff  paste  in  oil  costing  80  to  100  francs  the  100  kilogrammes 
(say,  £\,  12s.  to  £2  the  cwt.). 

VARIOUS  WHITES. 

It  must  be  pointed  out,  as  a  matter  of  history,  that  inventors 
of  all  times  have  thought  they  have  discovered  a  substitute  for 
white  lead,  because  they  have  obtained  a  white  powder,  easily 
miscible  with  oil,  to  form  a  paste  presenting  all  the  appearance 
of  that  made  with  white  lead.  Thus  the  most  diverse  products 
are  to  be  seen,  made  up  of  mixtures  of  bodies,  neither  of  which 
have  any  affinity  for  oil,  and  which  form,  as  the  basis  of  paint, 
products  the  quality  of  which  is  not  inferior  but  absolutely 
negative. 

SOPHISTICATION  OP  WHITE  LEAH. 

Like  every  other  product  which  the  consumer  greatly  en¬ 
deavours  to  obtain,  white  lead,  whether  dry,  or  as  a  stiff  paint  in 
oil,  undergoes  numerous  sophistications  with  the  view  of  lower¬ 
ing  its  price  and  increasing  the  profit  on  it  to  the  seller.  Let  it 
be  at  once  said  that  sophisticated  white  leads  are  always  sold 
(in  France)  without  a  mark  (brand),  and  whoever  Avishes  to  be 
assured  of  getting  this  product  absolutely  pure  has  only  to 
specify  that  it  should  bear  the  mark  (brand)  of  one  of  the 
French  manufacturers  (corroders)  of  white  lead.  These  have, 
in  fact,  unanimously  agreed  to  the  principle  of  only  selling  pure 
■white  lead.  Therefore,  the  more  or  less  sophisticated  product  is 
only  to  be  got  from  retailers,  or  the  less  conscientious  grinders. 
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To  carry  out  the  sophistication,  the  most  diverse  products  are 
used,  and  the  one  most  generally  employed  is  certainly  finely 
pulverised  natural  barium  sulphate  (barytes),  or  sometimes  the 
precipitated  form  of  the  same  body ;  next  come  lead  sulphate, 
sulphate  of  lime  (terra  alba),  carbonate  of  lime  (Paris  white), 
carbonate  of  baryta  (witherite),  china  clay  (kaolin),  etc.  If  the 
most  widely  used  agent  of  sophistication  be  barium  sulphate,  it 
is  on  account  of  its  great  density,  its  cheapness,  and  also  because 
it  is  the  product  which,  after  zinc  white,  diminishes  the  cover¬ 
ing  power  of  white  lead  to  the  least  extent. 


ANALYSIS  OF  WHITE  LEAD. 

Before  giving  the  complete  analysis  of  white  lead,  the  follow¬ 
ing  is  a  rapid  method  of  testing  the  product  when  it  is  suspected 
of  containing  barium  sulphate,  which  is  the  most  frequent 
adulterant.  Ten  grammes  of  the  perfectly  dry  white  lead  are 
calcined  in  a  porcelain  crucible.  The  pure  white  lead  loses  on 
an  average  14*5  per  cent,  of  its  weight,  a  mixture  of- — 


80  per  cent,  white  lead  and)  ,  ,  0 

20  per  cent,  barytes  .  .  ^  oses  13  per  cent. 

50  per  cent,  white  lead  and)  ,  ,  _ 

50  per  cent,  barytes  .  ./  oses  ^  Per  cent- 

66  per  cent,  white  lead  and)  n  „  _  ,  _ 

34  per  cent,  barytes  .  .)  ose!3  ®  0  1°  1  Per  cent- 

34  per  cent,  white  lead  and)  ,  „  ,  ,  _ 

66  per  cent,  barytes  .  .)  oses  3  4  to  o  percent. 


If  the  white  lead  to  be  tested  as  above  be  in  the  form  of  a 
stiff  paste  in  oil,  a  sample  is  taken,  which  is  well  washed 
by  carbon  disulphide,  benzine,  or  carbon  tetra-chloride,  and  the 
operation  described  above  is  performed  on  the  perfectly  dry 
product  so  obtained. 

In  order  to  make  the  complete  analysis  of  a  white  lead, 
the  sample  taken  is  brought  to  the  state  of  a  dry  powder  if  the 
product  is  ground  in  oil,  then  treated  by  dilute  hydrochloric 
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acid,  which  dissolves  all  the  carbonates,  except  that  of  baryta. 
If  complete  solution,  is  effected  there  is  a  probability  that  the 
product  is  pure,  but  it  is  only  a  probability,  and  complete 
analysis  necessitates  that  the  operation  should  be  conducted  as 
follows  : — 

A. — Solution  in  hydrochloric  acid  is  complete.  It  is  precipi¬ 
tated  by  sulphuretted  hydrogen  filtered,  the  filtrate  neutralised 
by  ammonia,  and  ammonium  sulphide  added.  Two  cases 
present  themselves: — (1)  No  precipitate.  Add  ammonium 
carbonate  to  the  liquid  :  if  a  precipitate  be  formed,  the  product 
contains  carbonate  of  lime  or  baryta ;  if  no  precipitate,  the 
sample  is  pure  white  lead.  (2)  There  is  a  more  or  less  abundant 
precipitate  :  it  is  treated  by  dilute  acetic  acid,  and  collected  on  a 
filter,  if  it  dissolves  the  white  lead  contains  phosphate  of  lime. 
If  only  little  or  no  solution  occur,  and  the  precipitate  is  soluble 
in  hydrochloric  acid  with  disengagement  of  sulphuretted 
hydrogen,  it  is  due  to  oxide  of  zinc  contained  in  the  white 
lead. 

Solution  A  leaves  a  residue  on  the  filter,  it  is  filtered,  washed 
well  where  a  portion  is  drenched  with  sulphuretted  hydrogen. 
If  the  residue  be  coloured  black,  it  is  lead  sulphate. 

If  there  be  no  coloration,  a  portion  of  the  dry  residue  is 
calcined  Avith  charcoal,  and  the  mass  is  treated,  after  calcination, 
with  sulphuric  acid.  Two  cases  may  present  themselves  : — 
(1)  Solution  Avith  evolution  of  sulphuretted  hydrogen.  The 
filtered  liquid  to  which  a  solution  of  sulphate  of  lime  has  been 
added  (a)  gives  a  precipitate,  sulphate  of  baryta  is  present. 
(b)  No  precipitate,  sulphate  of  lime  is  present.  (2)  There  is 
no  disengagement  of  sulphuretted  hydrogen,  the  white  lead 
contains  a  silicate. 


CHAPTER  Y. 

White  Lead  Paints — Tiieir  Merits  and  Defects. 

TT  may  be  said  that  Avhite  lead  gives  a  typical  paint.  Row  it 
must  be  understood  that  a  typical  paint  is  one  which 
exhibits  the  following  characteristics  : — The  capability  of  being 
spread  in  a  very  thin  elastic  coat,  which  coat  ought  to  dry  very 
rapidly  without  the  addition  of  driers,  it  being  taken  for  granted 
that  a  good  paint  ought  to  dry  in  two  days.  All  these 
conditions  are  fulfilled  to  a  nicety  by  white  lead,  and  constitute 
its  own  peculiar  properties,  which  up  to  the  present  day  at  least 
no  other  product  has  been  able  to  attain  completely. 

Finally,  white  lead  possesses  a  very  pretty  white  colour, 
which  is  also  a  distinctive  property,  because  mixed  with 
staining  colours,  so  as  to  produce  special  tints  and  hues,  it 
does  not  radically  alter  ( denature )  these  pigments,  it  can  only 
diminish  their  intensity  (or  reduce  their  depth  of  colour),  more 
or  less,  a  property  which  is  taken  advantage  of  to  impart  to  the 
same  pigment  a  whole  gamut  or  scale  of  different  graduated 
tones. 

The  author  does  not  deem  it  necessary,  however,  to  insist  too 
much  on  the  whiteness  of  white  lead ;  other  products,  zinc 
oxide,  for  example,  possess  this  property  to  an  equal  extent 
at  least.  The  author  rather  insists  upon  this  point,  as,  in 
the  minds  of  many  practical  men  in  the  trade,  nothing  equals 
the  whiteness  of  white  lead,  which  causes  them  to  reject 
unmercifully  any  substitute  for  white  lead,  even  if  it  exhibits 
all  the  other  qualities  thereof,  but  has  not  exactly  the  same 
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whiteness.  The  author  believes  that  this  is  a  mere  question  of 
use  and  wont  on  their  part,  and  they  being  accustomed  to  a 
certain  tone  of  white,  that  of  white  lead,  all  other  tones  no 
longer  appear  to  them  a  perfect  white. 

The  prolonged  personal  researches  of  the  author  on  this 
question  justify  him  in  thinking  that,  as  regards  white,  there 
are  different  tones  in  existence,  just  as  there  is  in  the  case 
of  other  colours,  and  in  the  absence  of  a  well-defined  coloration, 
it  is  difficult,  if  not  impossible,  to  give  an  opinion  by  the 
unaided  eye,  on  the  more  or  less  perfect  whiteness  of  any 
such  product  when  compared  with  another  similar  one. 

Here,  moreover,  is  an  effect  which  has  often  been  remarked. 
Taking  different  white  products  ground  in  oil,  when  they  are 
viewed  separately,  they  appear  absolutely  white ;  but,  when 
brought  near  one  another,  this  whiteness  differs  in  the  case  of 
each  of  them.  Indeed,  it  is  a  fact  well  known  to  all  white  lead 
manufacturers,  that  Dutch  process  white  lead  ground  in  oil  has 
a  very  characteristic  rose  tone  compared  with  zinc  white  in 
oil.  Is  that  to  say  that  the  white  lead  is  not  white  1  No, 
certainly  not ;  but  it  has  a  different  tone  from  that  of  zinc  oxide. 
Again,  take  two  oxides  of  zinc,  equally  pure  from  a  chemical 
point  of  view,  but  obtained,  the  first  by  distillation  of  the 
metal,  and  the  second  by  direct  calcination  of  the  ore,  these 
two  oxides,  ground  in  oil,  exhibit  between  each  other  a 
difference  in  whiteness.  The  white  of  the  first  will  be  slightly 
green,  that  of  the  second  slightly  ivory,  and  each  of  them  taken 
separately  would  appear  to  be  perfectly  white.  This  last 
example  affords  an  explanation  of  the  difference  in  tone  which 
the  same  pigment  may  possess,  because  it  is  due  here  to  a 
difference  in  the  molecular  condition  of  the  same  body.  In 
fact,  zinc  oxide,  made  by  distilling  the  metal,  presents  itself 
in  the  form  of  small  flakes  Avith  more  or  less  barbed  edges, 
mixed  with  a  small  number  of  almost  spherical  grains  ;  the 
oxide  produced  by  calcining  the  ore  consists,  on  the  contrary,  of 
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a  mass  of  almost  spherical  grains,  mixed  with  a  very  small 
number  of  flakes.  It  therefore  appears  certain  that  the  play 
of  light  through  these  two  masses  of  corpuscles,  of  different 
shape,  is  itself  different,  and  gives  rise  to  products  of  different 
tones.  Bodies  of  different  composition  exist,  a  fortiori,  in 
different  molecular  states,  hence,  in  the  opinion  of  the  author, 
the  cause  of  these  slight  variations  in  whiteness  to  which  it  is 
not  necessary  to  attach  a  primordial  importance,  as  one  is  too 
much  inclined  to  do. 

It  is  elsewhere  than  in  its  whiteness,  that  it  is  necessary 
to  seek  for  the  characteristic  properties  of  white  lead,  and  Stas 
is  the  first  who  has  explained  these  scientifically  in  his  theory 
of  white  lead  painting  in  oil  which  begins  with  this  sentence, 
which  all  those  who  seek  after  substitutes  for  white  lead 
ought  to  have  engraved  in  their  minds.  “  It  is  wrongly 
imagined  that  white  lead  paint  is  a  mixture  of  a  white  powder 
with  oil,  and  that,  consequently,  it  is  possible  to  replace  white 
lead  by  any  other  white  powder  mixed  with  oil,  with  oil 
rendered  siccative  if  need  be.” 

It  is  the  ignorance  or  the  forgetfulness  of  this  highly  sound 
principle  which  has  led  to  the  production  of  a  whole  host  of 
products,  intended,  in  the  minds  of  the  makers,  to  replace 
white  lead,  but  which  do  not  possess  a  single  one  of  its 
properties.  But,  still  following  Stas  in  his  theory  of  white 
lead  painting,  this  is  what  he  says  : — 

“  So  that  it  may  be  well  understood,  we  must,  first  of  all, 
recall  the  chemical  nature  of  white  lead.  We  know  that 
this  substance,  prepared  by  all  the  practical  processes  known, 
is  not  a  carbonate  but,  in  fact,  a  hydrocarbonate  of  lead, 
containing  more  or  less  carbonate,  and  covering  so  much  the 
better  the  less  hydrate  of  this  metal  it  contains.  The  best 
washed  white  leads  always  contain  a  trace  of  basic  acetate 
of  lead ;  moreover,  many  commercial  white  leads  contain  the 
neutral  acetate  or  the  dibasic  acetate  of  lead. 
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Liebig  was  the  first  to  show  that  lead  oxide  can  dis¬ 
solve  in  a  somewhat  large  amount  of  linseed  oil  without 
saponifying  it. 

“  Linseed  oil  thus  acquires  very  drying  properties;  the 
secular  use  of  oxide  of  lead  to  render  that  oil  more  drying 
more  than  proves  the  fact. 

“At  the  ordinary  temperature,  and  especially  at  a  high 
temperature,  linseed  oil  may  likewise  dissolve  the  basic  acetates, 
and  even  the  neutral  acetate  of  lead.  The  solution  of  acetate  of 
lead  in  oil  when  it  comes  in  contact  with  air  disengages  acetic 
acid  at  the  ordinary  temperature. 

The  oxide  of  lead  dissolved  in  oil,  whether  by  digestion 
with  the  anhydrous  or  hydrated  oxide,  or  by  contact  with 
acetates  of  lead,  saponifies  it  after  a  certain  time,  because  it 
contains  a  certain  quantity  of  water ;  linoleate  and  margarate 
of  lead  are  thus  produced,  which,  being  soluble  in  oil,  and  in 
very  considerable  proportion,  the  linoleate  especially,  remain 
in  solution. 

“Linseed  oil,  holding  in  solution  either  oxide  of  lead,  or 
linoleate  or  margarate  of  lead,  in  greater  or  less  amount,  dries 
in  contact  with  the  air.  The  oil  which  contains  the  dry 
oxide  dries  sooner  than  that  containing  the  linoleate  or 
margarate  of  lead ;  but  both  the  one  and  the  other,  applied 
on  a  surface,  form  after  the  oxidation  of  the  oil  a  plumbous 
varnish,  dry  to  the  touch,  transparent  or  milky,  or  even  white 
and  almost  opaque,  according  to  the  amount  of  linoleate  or 
margarate  dissolved. 

“  This  varnish  exhibits  great  elasticity,  and  resists  rubbing 
better  than  that  obtained  by  dessication  in  the  air  of  oil, 
which  does  not  contain  lead  ;  it  contains  linoleate  and  margarate 
of  lead  intact. 

“  Let  us  now  apply  these  facts  to  the  preparation  of  stiff 
white  lead  paint  in  oil.  When  it  comes  to  the  mixing  and 
the  subsequent  grinding  of  white  lead  with  oil,  a  portion  of 
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the  hydrate  of  lead  and  of  the  acetate  of  lead  which  are  con¬ 
tained  therein  (i.e.  in  the  dry  white  lead)  dissolve  in  the 
beginning.  By  allowing  the  paste  to  stand  by  itself  out  of 
contact  with  air,  a  fresh  and  larger  amount  of  lead  oxide  is 
dissolved.  Thus  we  know  that  white  lead  paint,  preserved 
under  water  or  in  a  closed  vessel,  ends  by  becoming  tacky. 
The  tackiness  of  the  paste  is  generally  attributed  to  the 
rancidity  of  the  oil  alone,  but  we  (Stas)  have  determined  that 
this  gluey  state  is  due  principally  to  the  formation  of  a  lead 
soap,  which  dissolves  in  the  oil. 

“When  it  comes  to  thinning  down  the  stiff  paint  in  a 
suitable  quantity  of  oil,  to  render  it  fit  for  use,  and  when 
such  paint  is  afterwards  applied  on  any  given  surface,  it  dries, 
owing  to  the  air,  and  the  coating  consists  essentially  of 
carbonate  of  lead,  containing  a  little  hydrate  of  lead.  These 
particles  of  carbonate  of  lead,  a  white  opaque  body,  are 
enveloped,  even  soldered  together,  the  one  to  the  other,  by 
the  margarate  of  lead  which  imparts  opacity  and  elasticity, 
and  the  linoleate,  especially,  much  impermeability  to  the  coat. 

W  hen  the  paint  is  exposed  to  the  causes  which  in  general 
destroy  it  most  rapidly,  such  as  the  direct  rays  of  the  sun  and 
moisture,  the  oil  which  has  become  oxidised  is  consumed ; 
but  the  destruction  thereof  is  delayed  by  the  impermeability 
of  the  lead  compound  which  it  contains  and  which  covers 
it.  Under  the  influence  of  the  rises  and  falls  (changes)  of 
temperature,  the  paint  is  less  liable  to  crack,  split,  and  to  fall 
off  in  scales,  owing  to  the  great  elasticity  which  the  linoleate 
and  margarate  of  lead  impart  to  the  oxidised  oil. 

“  White  lead  therefore  contains  in  itself  the  cause  of  the 
drying  power  which  it  communicates  to  the  oil.  It  cedes 
the  oxide  of  lead  to  the  oil,  which  produces  this  effect.  This 
oxide  of  lead,  by  gradually  saponifying  a  certain  amount  of 
oil,  forms  a  metallic  salt,  soluble  in  the  oil,  which  remains 
dissolved  after  the  oil  has  dried,  and  communicates  to  the 
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substance  which  results  from  this  oxidation  both  elasticity 
and  impermeability. 

“  White  lead  therefore  owes  to  the  chemical  nature  of  the 
compounds  which  it  contains  the  cause  of  the  permanency  of 
the  paint  into  which  it  enters,  but  it  also  owes  this  permanency 
to  the  ratio  in  which  these  compounds  exist;  because,  if  the 
nature  of  white  lead  be  changed  either  by  diminishing  or 
increasing  beyond  measure  the  amount  of  hydrated  oxide  of 
lead,  or  of  basic  acetate  of  lead,  which  it  commonly  contains, 
tire  properties  of  the  paint  which  it  produces  are  changed  at 
the  same  time.  Thus  it  is  known  that  the  introduction  of 
a  large  amount  of  litharge  gives  a  siccative  pigment,  very  hard 
at  first,  but  very  liable  to  crack  by  the  alternations  of  tempera¬ 
ture,  and  even  to  crumble  ( fariner ),  as  artists  in  oil  sometimes 
notice  on  their  canvas  prepared  with  white  lead  to  which 
litharge  has  been  added.” 

Such  is  the  theory  enunciated  by  Stas,  which  has  the 
grand  merit — if  it  be  not  absolutely  exact  as  to  the  products 
formed  by  the  mixture  of  oil  and  white  lead — of  remaining 
perfectly  true  in  its  basis  or  foundation,  which  may  be  summed 
up  in  the  following  manner  without  causing  the  precise  terms 
of  the  reactions  which  occur  to  intervene  : — A^'hite  lead,  like 
all  salts  of  lead,  like  metallic  lead  itself,  possesses  great  affinity 
for  oils  in  general,  and  the  fixed  fatty  oils  in  particular.  It 
tends  therefore,  in  presence  of  the  latter,  to  form  real  chemical 
compounds  which  are  salts  of  lead,  more  or  less  soluble  in  the 
linseed  oil,  afterwards  added  to  impart  the  desired  fluidity  to 
a  paint  during  its  application.  These  salts  become  modified 
afterwards  by  the  oxidation  itself  of  the  oil,  exposed  to  contact 
with  the  air,  and  give  rise  to  substances  possessing  the  qualities 
required  in  good  paint,  elasticity,  and  a  certain  hardness. 
Granted  that  there  is  combination  between  the  elements  of 
the  white  lead  and  the  oil,  and  solution  of  the  salts  of  lead 
formed  in  the  oil  added  to  the  paint,  so  that  the  paint  can  be 
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applied  in  an  exceedingly  thin  coat,  the  thinned  paint  none 
the  less  preserves  all  the  qualities  of  the  said  combination. 

The  only  point  where  the  theory  of  Stas  may  lend  itself  to 
criticism  is  principally  as  to  the  nature  of  the  salts  of  lead 
obtained  by  the  combination  of  oil  and  white  lead.  Genuine 
linseed  oil  ought  not  to  contain  margaric  acid,  it  cannot 
therefore  form  margarate  of  lead  with  white  lead. 

Another  point,  demonstrated  long  after  the  researches  of 
Stas,  is  that  linseed  oil  exposed  to  the  air  is  transformed  by 
absorption  of  oxygen  into  oxylinoleic  acid ;  it  appears,  therefore, 
rather  probable  that  the  linoleate  of  lead,  of  which  Stas 
speaks,  ought  itself  to  become  transformed  by  the  action  of 
*  the  air  into  oxylinoleate.  But  the  author  reasserts  that 
these  are  only,  so  to  speak,  errors  of  expression ;  the  very 
foundation  of  these  phenomena  follows  Avell  the  course 
indicated  by  the  eminent  chemist. 

Finally,  it  may  be  said  that  all  are  agreed  at  the  present 
day  to  regard  the  first  chemical  combination,  in  the  mixture 
of  oil  and  white  lead,  as  taking  place  between  the  hydrate  of 
lead  and  the  oil,  and  that  the  carbonate  rests  simply  enshrouded 
in  this  compound  to  form  the  opacity  of  the  latter.  As  to 
the  presence  of  the  basic  or  neutral  acetates  of  lead  which 
Stas  was,  in  fact,  able  to  find  in  the  white  leads  of  his  epoch, 
which  might  very  well  intervene  in  the  general  reaction 
between  the  white  lead  and  the  oil,  that  is  only  an  exceptional 
occurrence  at  the  present  day,  thanks  to  the  improved  methods 
of  levigation  adopted  in  all  well-conducted  white  lead  works. 

To  resume,  all  the  good  qualities  of  white  lead  paint  lie  in 
the  fact  that  white  lead  mixed  with  oil  gives  rise  to  a 
chemically  combined  product  possessing  the  special  properties 
required  in  paint. 

Therefore,  every  time  that  one  tries  to  find  a  substitute  for 
white  lead,  lie  should  first  of  all  use  his  utmost  endeavours  to 
find  a  body  capable  of  combining  with  oil,  soluble  in  the 
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latter,  and  which  is  very  white,  so  as  not  to  modify  the  tint 
of  the  pigments  used.  It  is  the  violation  of  this  law  a  purely 
chemical  one — which  has  caused  a  whole  host  of  products, 
known  in  the  paint  trade  as  white  lead  substitutes,  which  we 
have  silently  passed  by,  to  come  to  grief.  Only  lithopone  and 
zinc  sulphide  have  been  described,  being  the  only  ones 
capable  of  reacting  chemically  with  oil,  the  first  owing  to 
the  presence  of  a  small  quantity  of  the  second.  Does  the 
nature  of  the  product  which  is  produced  by  this  reaction 
render  it  really  utilisable  for  paint  purposes?  That  still 
remains  to  be  proven. 

As  to  the  defects  of  white  lead,  they  are  of  two  classes  from 
a  pictorial  point  of  view  alone.  White  lead,  like  all  the  salts 
of  lead,  has  the  defect  of  blackening  under  the  influence  of 
sulphuretted  emanations,  which,  in  fact,  forbids  its  use  in 
w.c’s.,  kitchens,  bathrooms.  In  neighbourhoods  with  a  system 
of  illumination  by  gas,  white  lead  painting  is  liable  to  lose  its 
whiteness,  by  the  action  of  the  traces  of  sulphuretted  hydrogen 
produced  by  this  style  of  illumination  ;  it  is  therefore  said  that 
the  colorations  thus  produced  have  caused  the  paints  to  lose 
their  freshness. 

The  second  defect  of  white  lead  of  a  hygienic  order  is  that 
of  being  a  poisonous  product  which  must  only  be  handled  with 
the  greatest  of  precautions.  This  subject  will  be  dealt  with  in 
the  next  chapter. 

WHITE  LEAD  ENDUITS  (PUTTY  AND  FILLING  UP). 

All  which  has  been  said  in  regard  to  white  lead  paint  applies 
to  white  lead  “  putty,”  which  should  only  be  stiff  white  lead 
paint  in  oil,  but  stiffer  than  that  intended  to  be  used  in  making 
liquid  paint,  and  which  is  spread  or  laid  on  by  the  putty  knife. 

Pure  white  lead  putty  is  made  from  the  stiff  paint  in  oil, 
already  described,  to  which  enough  white  lead  is  added,  in 
powder,  to  bring  it  to  the  consistency  of  glaziers’  putty.  How- 
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ever  that  id  not  the  only  standard  of  consistency  used,  it,  in 
fact,  varies  with  the  job  on  which  it  is  to  be  used.  The  putty 
or  filling  is  applied  generally  on  very  particular  work ;  and 
on  it,  when  well  dried,  the  coats  of  paint  are  applied.  The 
object  of  it  is  to  give  to  the  parts  to  be  painted  a  perfectly 
uniform  surface.  Therefore,  when  the  surface  is  not  very 
rough,  a  putty  of  comparatively  poor  consistency  may  be  used, 
such  is  the  case  with  fine  plaster ;  in  the  case  of  coarse  plaster, 
a  putty  of  somewhat  strong  consistency  is  used.  So  as  to  reduce 
the  cost  of  the  putty,  there  is  often  mixed  with  the  stiff  white 
lead  paint  a  certain  amount  of  finely  pulverised  and  sifted 
Paris  white.  The  more  the  putty  contains  of  this  last  body 
the  poorer  it  is,  but  the  white  lead,  nevertheless,  causes  the 
Paris  white  to  participate  in  its  own  properties,  and  the  putty 
consisting  of  half  white  lead,  half  Paris  white,  is  still  very 
good  for  current  work.  On  very  particular  jobs,  as  in  coach¬ 
painting,  it  is  necessary  to  use  pure  white  lead  putty.  The 
white  lead  putty,  or  mastic,  is  plastic,  and  embraces  all  the 
sinuosities  and  preserves  the  shape  taken.  It  dries  very 
rapidly.  It  may  be  rubbed  down  with  glass  paper,  or  pumice 
stone,  and,  so  worn  down  that,  throughout  all  its  thickness, 
the  layer,  even  when  very  thin,  which  still  remains,  pre¬ 
sents  all  the  properties  of  resistance  and  permanency  which 
are  the  special  characteristics  of  white  lead  paint. 
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Toxicology  of  White  Lead. 

HYGIENIC  MEASURES  IN  ITS  MANUFACTURE  AND  USE. 

YX7HITE  lead,  as  everyone  knows,  is  distinctly  poisonous, 
and  its  introduction  into  the  system  brings  about 
the  grave  complaint  known  under  the  name  of  saturnism 
(plumbism,  or,  in  plain  English,  lead  poisoning).  This  intro¬ 
duction  may  occur  through  the  alimentary  canal,  through  the 
lungs,  by  the  mucous  membranes,  even  by  the  skins  of  certain 
individuals,  the  latter  forming,  it  is  true,  the  exception. 

The  first  symptoms  of  lead  poisoning  are  characterised  by 
languor,  very  great  muscular  feebleness,  and  insomnia;  then 
there  appears  a  blue  line  along  the  gums,  which  is  always 
accompanied  by  violent  colic,  called  lead  colic.  Constipation 
is  obstinate,  urination  scanty,  and  the  patient  has  frequent 
nauseas,  followed  by  bilious  vomiting.  Having  reached  this 
condition,  if  the  saturnin  continues  his  work,  the  above 
symptoms  become  acute,  ending  in  encephalopathy,  in  the 
paralysis  of  the  extensor  muscles,  in  cachexy,  and  finally 
in  death. 

In  the  trade,  the  toxicology  of  white  lead  may  be  divided 
into  tAVO  categories :  (1)  that  Avhich  affects  the  workmen  in 
Avhite  lead  factories ;  (2)  that  which  affects  the  users  of  white 
lead,  the  majority  of  whom  are  painters  and  glaziers. 

In  the  first  category  it  may  be  affirmed  that  lead  poisoning 
is  more  rare.  It  is,  indeed,  a  case  of  a  dangerous  substance,  it 
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is  true,  but  in  which  everyone,  from  the  principal  down¬ 
wards  to  the  last  labourer,  knows  very  well  the  danger,  and 
consequently  where  active  supervision  and  especially  the 
goodwill  of  each  are  able  to  conjure  such  a  terrible  evil  as 
plumbism. 

It  has  been  seen  that,  in  everything  connected  with  the 
manufacture  of  white  lead,  there  is  not  a  single  operation  for 
which  the  most  rigorous  methods  are  not  indicated  for  the 
purpose  of  avoiding  all  danger,  and  one  can,  therefore,  be 
assured  that  they  are  adopted  in  all  white  lead  factories, 
because,  apart  even  from  the  sentiment  of  common  humanity, 
the  principal  is  compelled  to  apply  them,  it  being  taken  for 
granted  that  all  white  lead,  diffused  through  the  atmosphere, 
constitutes  a  loss  which  must  be  avoided,  so  as  to  reduce  the 
cost  price  as  low  as  possible.  There  is,  however,  an  obstacle 
which  often  opposes  itself  to  the  manufacturer  anxious  for 
the  health  of  his  workmen,  and  that  is  the  negligence  of  the 
latter,  to  whom  it  is  often  very  difficult  to  apply  the  most 
elementary  means  of  preserving  themselves  from  the  hurtful 
nature  of  the  product  which  they  handle.  Thus  it  has  been 
mentioned  above  that  each  man  touching  the  sheets  covered 
with  their  scales  should  have  on  gloves.  Such  a  method  of 
preservation  is  very  simple,  and  yet  workmen  do  not  adopt  it 
in  spite  of  the  recommendations  which  have  been  made  to 
them.  One  cannot,  therefore,  urge  too  strongly  that  an 
assiduous  supervision  should,  every  moment,  be  exercised 
over  all  the  staff  at  whatever  spot  they  may  happen  to  be 
posted.  It  is  well  understood  that  the  same  supervision 
ought  to  be  brought  to  bear  on  all  the  plants  destined  to 
evacuate  white  lead  dust,  or  to  collect  such  in  depositing 
chambers. 

Outside  the  average  workmen,  who  scrupulously  follow  all 
the  precautions  recommended  to  them,  there  exist  constitutions 
particularly  inclined  to  lead  poisoning.  Thus  the  principal, 
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who  engages  a  new  workman  would  do  well  to  submit  him  to 
the  inspection  of  the  factory  doctor,  and  if  the  latter  recog¬ 
nises  in  him  one  of  these  peculiar  constitutions  he  ought  to 
cause  him  to  be  excluded  from  the  staff  of  the  factory. 

Amongst  the  antidotes  for  lead,  milk  seems  to  be  that 
which  is  the  most  efficacious ;  white  lead  manufacturers 
therefore  do  well  to  use  it  freely.  In  this  way  the  author 
has  seen,  at  the  factory  of  M.  Expert -Eesanqon,  this  use 
made  imperative.  In  this  factory,  in  a  large  hall,  remote 
from  the  manufacturing  buildings,  three  distributions  of  milk 
are  made,  the  first  at  six  o’clock  in  the  morning  on  the  entry 
of  the  workmen,  the  second  at  nine  o’clock,  and  the  third  at 
three  o’clock.  To  the  nine  o’clock  dose  there  is  added  a 
teaspoonful  of  a  solution  of  hyposulphite  of  soda  (150  grammes 
per  litre,  i.e.  150  grains  per  1000  grain  measure,  or  1-^-  lbs.  to 
the  gallon). 

Amongst  the  other  hygienic  measures  appertaining  to  the 
individual,  this  same  firm  has  installed  a  large  dressing-room, 
and  wash-stands,  where  each  workman  possesses  his  cupboard 
with  two  compartments,  the  one  for  working  clothes,  provided 
by  the  firm,  the  other  for  his  town  clothes,  which  he  must 
put  off  on  entering  the  factory,  not  to  put  them  on  again  until 
he  goes  out  of  it. 

The  Avorkmen  are  required,  during  time  for  which,  more¬ 
over,  they  are  paid,  to  Avash  very  carefully  their  hands  and 
faces,  and  to  Avash  out  their  mouths  before  quitting  the 
factory.  For  that  purpose  they  ha\re  at  their  disposal  hot 
water,  soap,  toAvels,  and  sodium  sulphide.  This  product, 
Avhich  precipitates  lead  as  black  insoluble  sulphide,  in  fact, 
Avarns  the  Avorkman  if  the  washings  Avhich  he  has  performed 
have  well  eliminated  the  lead  which  he  might  carry  about  him. 

Installations  of  shower-baths,  and  bathrooms,  by  Avhicb 
twenty-five  baths  can  be  given  in  the  same  day,  complete  the 
installation  made  to  provide  for  the  hygiene  of  the  workmen. 
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Finally,  a  doctor  inspects  each  of  the  workmen  at  least  once 
a  week,  keeps  a  very  complete  register,  as  to  the  state  of  health 
of  each  workman,  whom  he  can  follow  up,  and  not  hesitate 
to  stop  working,  if  he  sees  the  least  sign  of  poisoning. 

These  are  excellent  measures  which  cannot  be  recommended 
too  much,  and  which  all  white  lead  manufacturers  should 
energetically  impose  on  all  their  staff. 

The  hygienic  measures  to  be  taken  by  the  users  of  white 
lead,  principally  painters  and  glaziers,  are  very  difficult  in 
application,  because  the  workmen  in  question  for  the  greater 
part  are  spread  through  workshops  of  greater  or  less  importance, 
are  left  to  themselves  without  supervision,  their  negligence, 
their  heedlessness  of  the  danger,  often  cause  them  to  neglect 
the  recommendations,  nay,  even  the  orders,  intended  to  protect 
them  from  a  terrible  evil. 

It  seems  likely  that  the  most  efficacious  means  of  preserving 
the  painter  from  lead  poisoning  would  be  found  in  the  educa¬ 
tion  of  the  apprentice.  The  latter  should  be  warned,  as  soon 
as  he  commences  to  learn  the  trade,  that  he  has  to  handle  one 
of  the  most  dangerous  of  products,  and  this  warning  should  be 
renewed  on  every  occasion.  It  is  necessary  also  that  he  be 
interdicted  from  smoking,  especially  cigarettes,  the  paper 
of  which  he  impregnates  with  white  lead.  It  is  necessary 
also  to  accustom  him  never  to  quit  the  workshop  without 
washing  his  hands  and  face,  and  rinsing  his  mouth.  It  is 
also  necessary  to  train  him  to  keep  all  his  tools,  brushes, 
knives,  truck  handles,  etc.,  in  a  state  of  fastidious  cleanliness, 
finally,  it  must  be  stated  that,  as  in  the  case  of  white  lead 
factory  workers,  there  are  painters  to  whom  on  account  of  their 
constitution,  the  trade  of  painter  should  be  forbidden. 

Amongst  painters,  there  is  a  specialist  who  is  more  liable  to 
lead  poisoning,  and  that  is  the  enduiseur,  or  filler-up.  But  as 
regards  him,  also,  it  is  a  case  of  training.  The  enduiseur,  in 
fact,  has  the  very  bad  habit  of  holding  the  white  lead  which 
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lie  has  to  apply  with  the  knife,  in  his  hand.  Now  it  seems 
that  if  from  the  beginning  of  his  apprenticeship  this  workman 
were  trained  to  work  with  gloves,  or  to  hold  his  putty  on  a 
palette,  he  would,  once  accustomed  to  this  method  of  precaution, 
have  the  same  skill  as  the  present  enduiseur  (filler-up). 

Finally,  another  very  dangerous  operation  may  be  pointed 
out.  It  consists  in  sand-papering  or  pumicing  coats  of  stiff  white 
lead  paint.  The  dust  which  is  produced  during  this  operation, 
being  easily  absorbed  by  the  workmen  either  by  the  alimentary 
canal,  or  by  the  lungs.  The  best  and  most  simple  means  con¬ 
sists  in  never  doing  this  class  of  work  without  keeping  the 
paint  or  filling-up  so  treated  drenched  with  water.  The  dust 
in  question  is  then  immersed  in  water,  as  soon  as  produced, 
and  is  not  diffused  into  the  atmosphere. 


CHAPTER  VII. 


Zinc  White — Its  Preparation. 


IHE  idea  of  substituting  zinc  oxide  or  zinc  white  for  white 


_L  lead,  in  painting,  is  not  new;  it  goes  back  to  1780. 
Some  attribute  it  to  Courtois,  a  demonstrator  of  the  laboratory 
of  the  Academy  of  Dijon ;  others  to  Guyton  de  Morveau, 
magistrate  at  the  Court  of  Dijon,  of  whom  Courtois  would 
have  been  the  collaborator.  Whatever  may  be  the  real  truth, 
these  two  names  are  associated  with  this  idea,  which  had  only 
a  philanthropic  object  in  view :  to  save  from  the  scourge 
of  lead  poisoning  the  unfortunate  white  lead  workers,  who, 
owing  to  the  as  yet  still  primitive  methods  of  manufacture  of 
that  epoch,  were  continuously  liable  to  lead  poisoning  by  the 
white  lead  dust,  which  was  very  abundant  in  all  white  lead 
factories. 

The  enormous  difference  in  cost  which  existed  between  zinc 
oxide,  which  then  sold  at  8  francs  the  pound  (8  limes  la  lime), 
whilst  white  lead  did  not  reach  a  quarter  that  sum,  caused  the 
efforts  of  these  two  philanthropists  to  come  to  grief,  and  it  was 
not  until  half  a  century  afterwards  that  a  painter  of  Paris, 
John  Leclaire,  again  took  the  matter  up,  and,  after  numerous 
experiments,  was  able  to  mix  zinc  oxide  with  oil,  to  form  a 
paste  capable  of  serving  as  a  base  in  painting.  This  base  did 
not  dry  sufficiently  well.  John  Leclaire  invented  the  process 
of  boiling  linseed  oil  with  manganese  dioxide,  which  yielded 
him  an  oil  which  dried  as  well  as  the  boiled  oil  then  in  use, 
which  was  litharge-boiled  oil.  He  thus  replaced  the  lead 
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compound  by  a  harmless  one,  and  the  oil  rendered  siccative  by 
this  method,  added  to  paint  with  a  zinc  oxide  basis,  Avas  made 
to  dry  very  rapidly. 

Principal  of  an  important  firm  of  Paris  painters,  a  firm, 
moreover,  which  is  still  in  existence,  John  Leclaire  used  zinc 
oxide  very  extensively  in  his  numerous  undertakings.  As  he 
Avas  a  very  clever  craftsman,  he  kneAv  Iioav  to  make  an  excellent 
use  of  the  neAV  material,  and  it  may  be  said  that  it  is  to  him 
that  we  OAve  the  definite  introduction  of  zinc  white  into  paint¬ 
ing,  the  use  of  which  increases  every  day. 

PREPARATION  OF  OXIDE  OF  ZINC  FROM  THE  METAL. 

Zinc  oxide,  at  the  present  day,  is  prepared  by  two  different 
methods:  (1)  from  metallic  zinc-,  (2)  from  zinc  ores.  The 
second,  a  comparatively  new  process,  is  but  little  used  in  Europe. 
On  the  other  hand,  it  has  assumed  a  great  development  in  the 
United  States.  It  enables  comparatively  poor  ores  to  be 
utilised,  and  furnishes  an  excellent  yield.  America,  therefore, 
exports  large  quantities  of  this  product  into  Europe,  Avhich  is 
knoAvn  in  commerce  under  the  designation  of  American  zinc 
white,  or  American  zinc  oxide. 

The  preparation  of  zinc  oxide  from  the  metal  is  very  simple. 
Its  principles  Avill  only  be  recalled  very  briefly.  All  chemical 
treatises  give  this  manufacture  in  all  its  details.  Metallic 
zinc  is  distilled  in  crucibles,  or  retorts,  and  brought  to  the 
temperature  of  distillation,  the  metal  becoming  inflamed  by 
contact  with  the  air,  produces  the  oxide.  Moreover,  it  may  be 
added  that  it  is  almost  impossible  to  melt  zinc  Avithout  pro¬ 
ducing  the  oxide. 

The  retorts  in  which  the  metal  is  distilled  are  of  refractory 
clay,  Avith  generally  the  folloAving  inside  dimensions  : — length,  1 
to  P4  metres;  Avidth,  35  centimetres;  depth,  10  centimetres. 
Their  sides  are  more  or  less  thick,  according  to  the  nature  of 
the  refractory  earth  of  Avhich  the  retorts  are  constructed. 
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These  retorts,  closed  at  one  end,  have  a  rectangular  opening 
at  the  other,  24  centimetres  wide  by  4  centimetres  high ;  it 
is  through  this  orifice  that  the  retorts  are  charged  with  the 
metal,  in  ingots,  and  it  is  by  the  same  orifice  that  the  metallic 
vapours  escape. 

The  general  plan  of  the  furnaces  used  for  the  distillation  of 
zinc  comprises  a  furnace,  formed  by  a  grate,  3  metres  long, 
above  which,  to  right  and  to  left,  are  placed  groups  of  two 
superimposed  retorts,  installed  in  such  a  way  that  the  flame 
of  the  furnace  can  lick  the  sides.  Each  group  of  retorts  is 
separated  from  its  neighbour  by  a  refractory  partition.  Often 
the  furnaces  are  placed  in  juxtaposition  by  .their  end,  and  a 
single  chimney  placed  in  the  centre  serves  both.  Each  of  these 
furnaces  comprises  up  to  as  many  as  10  groups  of  2  retorts, 
say,  20  in  all,  or  40  when  the  furnace  has  a  double  grate. 

The  front  of  the  retorts,  that  is  to  say,  the  orifice,  ends  in  a 
special  piece  constructed  of  refractory  earth  called  the  guerife 
(literally,  sentinel’s  box),  into  which  the  metallic  vapours  pass 
as  soon  as  they  issue.  This  guerite,  which  is  vertical,  ends 
underneath  in  a  flue,  bringing  atmospheric  air  intended  for 
the  combustion  of  the  zinc  above  j  it  ends  above  in  a  wrought- 
iron  pipe,  through  which  the  vapours  pass,  which  are  drawn 
to  it  by  a  draught  chimney,  placed  at  the  end  of  the  apparatus. 

The  wrought-iron  pipe  itself  ends  in  what  they  call  a  coil, 
and  which  itself  also  consists  of  a  series  of  wrought-iron  pipes, 
in  the  shape  of  several  successive  Y’s,  in  which  a  first  separation 
of  the  vapours  converted  into  oxide  is  effected.  At  the  bottom 
of  each  Y  a  hopper  is  fixed,  leading  these  products  to  special 
receivers.  As  they  issue  from  the  cooling  tubes  or  coils,  the 
fumes  penetrate  into  depositing  chambers,  and  their  temperature 
then  ought  not  to  exceed  50°  C.  The  depositing  chambers 
generally  comprise  eight  to  nine  vertical  chambers,  each  one 
of  which  being  divided  into  two  equal  parts  by  a  partition, 
which,  rising  from  below,  does  not  reach  quite  to  the  top,  it 
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follows  that  the  vapours,  passing  into  the  interior  of  the 
chamber,  rise  vertically,  glide  over  the  top  of  the  partition, 
redescend  on  the  other  side  of  the  partition,  penetrate  from 
below  into  the  next  chamber,  where  they  follow  the  same 
course,  and  so  on,  up  to  the  last,  which  ends  in  the  draught 
chimney,  from  which  it  is  separated  by  tight  wire  gauze 
intended  to  arrest  all  the  particles  which  the  current  of  air 
might  draw  into  the  chimney.  The  path  thus  imposed  on  the 
metallic  vapours  attains  a  length  of  about  850  metres,  and 
ensures  the  complete  deposition  of  all  the  oxide  which  is 
produced. 

It  has  been  mentioned  that  the  cooling  tubes  were  provided 
with  hoppers,  intended  to  collect  the  condensed  products.  It 
must  he  added  that,  in  the  first  tubes,  hardly  anything  hut 
metallic  zinc  dust  is  collected,  then,  further  on,  this  same 
product,  mixed  with  a  little  oxide,  the  mass  in  its  entirety 
showing  a  grey  tint.  This  product,  ground  in  oil,  forms  a  stone 
grey,  or  a  slate  grey  of  very  good  quality.  Further  on  still, 
the  same  mixture  is  found,  hut  much  more  rich  in  oxide,  which 
is  itself  pure  enough.  Finally,  in  the  depositing  chambers, 
only  zinc  oxide  is  collected.  The  whitest  and  the  lightest 
in  density  is  deposited  in  the  part  nearest  the  draught  chimney, 
the  other  chambers  furnish  zinc  oxide,  of  greater  and  greater 
density,  in  proportion  as  they  recede  farther  from  the  draught 
chimney,  but  of  which  the  shade  remains,  even  in  the  case  of 
the  most  dense,  of  a  very  pure  white. 

Commercially,  zinc  oxides  are  distinguished  thus :  the 
lightest,  and  consequently  the  most  white,  bears  the  name  of 
snow  white,  then  come  No.  1,  No.  2,  and  No.  3,  then  commence 
the  greys,  which  form  more  or  less  numerous  brands,  according 
to  the  factory.  It  may  at  once  he  said  that  snow  white  is  very 
little  used  in  painting.  It  is  only  used  for  fine  paints  in 
tubes;  its  most  considerable  outlet  is  in  perfumery,  in  the 
manufacture  of  rice  powders,  face  powders,  and  other  products. 
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House  decoration  only  utilises  Nos.  1,  2,  and  3.  With  a 
furnace  of  40  retorts,  27  tons  of  zinc  can  be  distilled  in 
twenty-four  hours,  with  the  consumption  of  about  12  tons 
of  coal.  The  theoretical  yield  indicates  that  100  lbs.  of  zinc 
ought  to  produce  125  lbs.  of  zinc  oxide,  but,  in  practice,  the 
furnaces  give  a  yield  of  5  to  10  per  cent,  less  than  theory. 

It  will  be  seen  by  the  above  that  the  consumption  of  fuel 
reaches  40  to  45  kilogrammes  per  100  kilogrammes  of  metal 
heated  ;  also  that  all  the  improvements,  in  this  method  of  manu¬ 
facturing  zinc  oxide,  have  been  brought  to  bear  on  the  system 
of  furnaces  with  the  view  of  reducing  the  coal  bill. 

It  must  further  be  mentioned  very  white  oxides  of  zinc  are 
only  obtained  by  the  use  of  very  pure  metal,  and  that  old  zinc 
always  containing  solder  and  consequently  lead,  which  would 
soil  the  zinc  oxide,  should  be  rejected.  Some  manufacturers 
have,  however,  been  enabled  to  use  old  zincs,  by  causing  them 
to  undergo  a  previous  process  of  refining.  Cadmiferous  zincs 
ought  to  be  rejected,  as  they  impart  to  the  oxide  a  very  dis¬ 
tinctive  yellow  coloration. 

PREPARATION  OF  ZINC  OXIDE  FROM  THE  ORE. 

The  manufacture  of  zinc  oxide  from  the  ore  being  much 
more  recent,  and  less  known  than  that  which  has  just  been 
recalled,  it  will  be  described  with  a  few  more  details. 

It  is  to  Wetherill  to  whom  this  process,  which  has  under¬ 
gone  some  modifications  in  details  since  its  conception,  is  due, 
but  the  principles  of  which  are  always  the  same. 

The  course  of  this  process  may  be  summed  up  thus — 

1.  Reduction  and  volatilisation  of  the  zinc  at  high  tempera¬ 
ture. 

2.  Reoxiclation  of  the  metal  in  the  state  of  vapour,  at  a 
slightly  higher  temperature. 

3.  Cooling  of  the  gases  and  condensation  of  the  zinc 
oxide. 
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The  reduction  and  volatilisation  is  effected  in  a  furnace  of 
a  very  simple  form,  and  which  consists  of  a  semicircular  arch 
resting  on  two  uprights ;  the  inside  is  divided  horizontally  into 
two  parts  by  a  grate  which  leaves  above,  under  the  keystone 
of  the  arch,  the  same  height  as  underneath ;  the  first  of  these 
serves  as  the  furnace,  the  second  as  the  ashpit. 

The  grate  deserves  special  mention  on  account  of  its  peculiar 
shape.  Designed  by  Wetherill,  the  inventor  of  the  process,  it 
consists  of  iron  plates  25  to  38  millimetres  thick,  pierced  with 
conical  holes,  of  which  the  upper  diameter  varies  from  6  -3 
millimetres  to  1  centimetre,  and  the  lower  is  2 -5  centi¬ 
metres.  These  holes  are  uniformly  distributed  at  the  rate  of 
100  per  1-0/5  sq.  metre  (?  square  foot).  These  plates  are 
real  firebars,  because  their  length  is  equal  to  that  of  the 
furnace,  for  a  width  of  15  centimetres.  They  are  retained 
transversely  by  lintels  or  narrow  iron  bars,  so  as  not  to  obstruct 
the  holes,  their  number  is  therefore  relatively  large  generally, 
16  per  row  of  plates.  It  has  been  attempted  to  replace  these 
plates  by  bars  which  almost  fit  into  each  other,  analogous  to 
the  bars  of  the  grate  of  the  furnace,  but  the  author  understands 
that  the  results  have  not  been  very  satisfactory. 

The  width  of  the  furnace,  or  at  least  of  the  arched  flue,  is 
somewhat  variable  ;  in  the  beginning  it  was  made  90  centimetres, 
then  it  was  brought  to  1  -5  metre,  and  at  the  present  time  it  is 
D2  metre,  this  last  dimension  appearing  the  best.  As  regards 
the  length,  it  remains  somewhat  uniform,  and  fixed  at  L05 
metre  ;  however,  it  is  sometimes  extended  to  3  metres,  but 
then  the  furnaces  are  each  provided  with  a  door,  at  each 
extremity,  instead  of  one  only,  at  one  of  the  ends,  as  in  the 
fours  courts.  It  has  been,  moreover,  attempted  to  increase  this 
length,  by  bringing  it  to  4 ‘85  metres,  but  working  became 
defective. 

The  ashpit,  which  has  a  depth  under  the  grate  of  50 
centimetres,  is  closed  by  a  cast-iron  door,  which  is  only  opened 
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once  a  day,  to  remove  the  residues,  -which  have  sifted  through 
the  grate.  If  it  he  logical,  in  order  to  handle  the  latter,  to 
throw  water  into  the  ashpit,  such  a  course  is  bad  for  the 
manufacture,  steam  is  produced,  which  cools  the  furnace,  and  is 
an  obstacle  to  the  exhaustion  of  the  ore  being  treated. 

Through  orifices,  placed  in  the  side  walls  of  the  ashpit,  air  is 
blown  in,  under  the  grate,  at  a  pressure  of  5  to  10  millimetres 
of  water. 

The  arch  itself  communicates  by  an  opening  in  its  centre, 
with  a  sort  of  flue  which  extends  the  whole  of  its  length.  It 
is  into  this  that  the  vapours  disengaged  above  the  grate  first 
pass.  It  has  been  tried  to  use  the  heat  of  the  sides  of  this  flue 
to  heat  the  injection  air,  which  was  made  to  circulate  round 
about  it.  Such  a  procedure  was  a  rational  one,  and  yielded 
good  results ;  on  the  other  hand,  it  enormously  complicated  the 
carrying  out  of  repairs,  and  was  finally  abandoned.  It  has,  up 
to  now,  been  said  that  the  arch  constituted  the  furnace ;  it 
would  have  been  more  correct  to  say  that  it  formed  one  section 
of  the  furnace,  because  the  apparatus,  as  a  whole,  comprises  a 
larger  or  smaller  number  of  these  arches  in  juxtaposition,  and 
all  identical  with  that  just  described. 

The  reoxidation  of  the  zinc  vapours  is  produced  in  the 
same  apparatus,  owing  to  the  space  that  these  find  above  the 
charge  which  covers  the  grate  and  the  flue  on  the  top  of  the 
arch,  a  space  which  is  at  a  very  high  temperature  ;  however, 
according  to  the  nature  of  the  mineral  treated,  this  reoxidation 
may  be  incomplete,  and  it  is  necessary  to  see  that  the  vapours  ' 
are  not  again  cooled  as  they  issue  from  the  furnace,  properly  so 
called,  that  is  to  say,  on  their  entrance  into  the  top  flue.  When 
this  occurs,  the  zinc  oxide  is  greyish,  whether  from  zinc  dust 
or  coal  dust.  In  many  installations  this  inconvenience  has 
been  obviated  by  making  fireclay  arches  above  the  furnace 
proper,  leaving  between  them  two  chambers  which  the  gas 
traverses  in  a  serpentine  fashion  ;  this  principle,  it  will  be  seen, 
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is  intended  to  maintain  the  temperature  of  the  disengaged 
•vapours. 

It  has  also  been  attempted  to  convey  the  vapours  into 
wrought-iron  pipes  rising  to  a  certain  height  above  the  furnace, 
and  ending,  in  another  pipe,  likewise  of  wrouglit-iron,  parallel 
with  the  axis  of  the  furnace,  and  acting  as  a  collector.  This 
system,  in  reality  a  very  simple  one,  has  the  disadvantage  of 
yielding  defective  products. 

To  sum  up,  the  different  improvements  brought  to  hear  on 
the  Wetherill  furnace  have  never  given  very  satisfactory 
results,  outside  of  those  the  object  of  which  was  only  more 
complete  utilisation  of  the  fuel  employed. 

When  the  vapours  have  been  kept  at  a  high  temperature,  to 
ensure  their  oxidation,  it  is  necessary  to  condense  the  fumes, 
and  to  precipitate  the  dust  which  they  produce,  which 
constitute  the  desired  oxide  of  zinc.  Now  this  condensation 
or  precipitation,  experience  proves,  is  not  accomplished  well 
unless  the  vapours  are  sufficiently  cooled,  the  more  so  as 
an  ever-extending  use  is  being  made  of  cotton  or  woollen 
jackets,  which  present  surfaces  to  the  oxide  of  zinc,  to 
which  it  has  a  greater  natural  tendency  to  adhere  than  to 
the  smooth  walls  of  a  chamber,  and  which  retain  in  a  more 
persistent  manner  the  finer  particles,  which  form  the  lightest 
and  the  whitest  oxide,  and  consequently  the  one  which  users 
are  most  desirous  of  obtaining.  It  will  be  seen,  therefore,  that 
the  use  of  these  fabrics  is  not  compatible,  unless  the  tempera¬ 
ture  be  comparatively  low,  say,  50°  C.  (122°  F.). 

In  American  factories  this  question  of  initial  cooling  of  the 
vapours  does  not  seem  much  trouble  to  manufacturers,  who 
generally  lead  the  insufficiently  cooled  zinc  vapours  into  too  large 
chambers.  In  certain  European  factories,  where  the  Wetherill 
process  is  at  work,  it  has  been  endeavoured,  on  the  contrary, 
to  '  substitute  for  the  chambers,  cooling  pipes,  from  which 
the  oxide  passes  to  depositing  chambers,  as  in  the  manufacture 
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of  zinc  oxide  from  the  metal.  This  solution  appears  perfectly 
rational,  provided  sufficient  capacity  he  given  to  these  coolers. 

The  following  is  a  description,  according  to  Loclin  ( Metallurgie 
du  Zinc,  A.  Lodin,  Ingenieur  en  chef  des  mines),  of  how  the 
plant  has  been  installed  at  South  Bethlehem,  which  has 
served  as  a  type  for  the  greater  number  of  American  factories  : — 
From  a  bench  of  Wetherill  furnaces  the  vapours — kept  hot — 
issue  through  vertical  wrought-iron  pipes,  which  are  collected 
together  into  one  large  pipe,  also  of  wrought-iron,  fixed 
horizontal  above  the  bench  of  furnaces.  It  is  as  they  issue 
from  this  collector  that  the  vapours  are  cooled.  To  accomplish 
this,  they  first  pass  into  a  comparatively  low  tower;  entering 
by  the  top,  they  descend  towards  the  bottom,  where  there  is  an 
aperture  which  conveys  them  to  a  second  tower,  7 ‘5  metres  in 
diameter  and  21  metres  high.  The  vapours  circulate  in  this 
second  tower  from  bottom  to  top,  and  in  its  upper  part  pass 
by  two  pipes  of  1'8  metre,  which  descend  parallel  with  the 
tower,  and  at  the  bottom  of  each  of  which  a  fan  is  fixed,  which 
propels  the  cold  vapours  into  the  depositing  chambers.  The 
latter  built  of  masonry  are  30  metres  long,  6  metres  wide,  and 
their  available  height  is  7  metres.  In  the  axis  of  their  upper 
part,  and  extending  all  their  length,  runs  a  large  wrought-iron 
pipe,  from  which  pipes  of  less  diameter  branch  off  on  either 
side.  Each  of  these  branch  pipes  comprises  two  tubulures, 
turned  towards  the  ground,  to  which  are  fastened  cotton 
jackets,  ending  in  receiving  vessels.  Filtration  is  effected 
through  these  jackets,  which  are  beaten  at  intervals  by  wooden 
sticks ;  two  succeeding  branch  pipes  are  enclosed  by  a  partition, 
which  divides  the  chamber  into  as  many  small  compartments 
as  there  are  pairs  of  branch  pipes.  These  compartments  must 
be  carefully  ventilated  when  the  jackets  are  being  beaten,  so  as 
to  avoid  the  initial  stages  of  asphyxia,  which  the  workers  would 
suffer  in  an  atmosphere  supercharged  Avith  very  fine  dust. 

The  use  of  the  fan  to  aspirate  the  vapours  has  the  advantage 


;6 


White  Lead  and  Zinc  White 


of  causing  such  a  depression  in  the  furnaces  as  to  render 
blowing  unnecessary.  On  the  other  hand,  its  working 
is  handicapped  when  the  vapours  have  a  temperature 
below  100J  C.,  for  then  the  steam  from  the  ore,  and  the  fuel 
even,  if  that  always  be  coke  or  anthracite,  condense  and 
agglomerate  the  zinc  oxide  dust,  which  collect  on  the  sides  of 
the  fan  and  stop  it  from  working.  This  inconvenience  is  easily 
remedied,  it  is  true,  by  fixing  the  fan  in  the  spot,  in  the 
circuit  of  the  vapours,  where  the  temperature  does  not 
fall  below  100°  C.  (212°  F.)  or  by  two  fans.  When  the  first 
is  obstructed,  a  damper  enables  the  second  to  be  brought  into 
use,  and  the  first  cleaned. 

The  grading  of  the  products  is  done,  as  in  the  old  Avay  of 
making  zinc  oxide,  the  whitest  and  the  lightest  are  to  be  found 
at  the  end  of  the  circuit. 

The  routine  of  the  work  is  as  follows  : — The  treatment  of  a 
charge  lasts  six  hours.  The  work  is  graduated,  from  hour  to 
hour,  so  as  to  form  a  continuous  system  of  working. 

When  starting  an  operation,  the  grate  is  well  cleaned  with 
the  rake,  the  sides  of  the  furnace  are  brought  to  a  bright  red, 
a  layer  of  non-bituminous  fuel  is  thrown  on  the  grate, 
coke  or  anthracite  of  the  size  of  a  nut.  It  is  generally 
allowed  that  the  weight  of  lighting  fuel  varies  from  40  to  45 
per  cent,  of  the  ore  treated,  the  latter  being  normally  60  to  65 
kilogrammes  per  square  metre  of  grate  surface.  The  thickness 
of  the  layer  of  fuel  is  about  3  centimetres,  with  anthracite,  and 
double  that  with  coke. 

The  thickness  of  the  fuel  which  takes  fire  almost  instantan¬ 
eously  by  radiation  from  the  walls  of  the  furnace  is  rapidly 
made  uniform.  The  door  is  closed,  and  it  is  given  the  draught 
or  “  wind,”  regulated  by  a  damper ;  when  all  the  layer  is  in 
active  ignition,  an  intimate  mixture  of  the  ore  in  the  form  of 
grains,  and  coal,  slightly  moistened,  is  projected  on  its  surface, 
the  weight  of  the  coal  representing  40  to  50  per  cent,  of  the  ore, 
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It  has  been  tried  to  increase  the  thickness  of  the  layer  by 
bringing  it  up  to  35  and  even  to  45  centimetres,  but  the  results 
obtained  were  bad,  for  the  residue  then  contained  10  to  13  per 
cent,  of  zinc,  even  although  the  operation  had  been  prolonged 
twelve  to  twenty-four  hours.  The  mixture  once  charged,  and 
evenly  spread,  say,  about  an  hour,  or  an  hour  and  a  half,  from  the 
time  the  furnace  was  cleaned  out,  the  working  door  is  hermet¬ 
ically  sealed,  by  piling  against  it  the  ashes  and  the  clinkers,  and 
the  pressure  of  the  draught  is  gradually  increased,  for  three  to  four 
hours.  The  disengagement  of  zinciferous  vapours  first  increase  in 
a  progressive  manner,  then  diminish  afterwards.  When  it  has 
almost  ceased,  the  blower  is  stopped,  and  the  operation  is 
finished.  The  grate  is  cleaned  out  with  the  rake,  preserving 
the  residuum,  which  may  he  treated  specially.  Lodin  defines, 
in  the  following  terms,  the  chemical  reaction,  which  occurs  in 
the  preparation  of  zinc  oxide,  by  the  Wetherill  process  : — 

“The  inversion  of  equilibrium,  induced  by  a  lowering  of 
temperature,  on  a  mixture  containing  zinc  vapours,  carbonic 
oxide,  and  carbonic  acid,  is  a  phenomenon  which  constantly 
intervenes  in  the  metallurgical  treatment  of  zinc,  the  conse¬ 
quence  is  that  dusts  are  produced  which  are  less  abundant  in 
the  case  of  reduction  in  closed  vessels,  but  become  absolutely 
predominant  in  reduction  by  the  arched  furnace.  This 
inversion  of  equilibrium  can,  by  itself,  sufficiently  explain  the 
mechanism  of  the  Wetherill  process. 

“  In  reality,  it  is  not  at  the  expense  of  the  CO.,  that  the 
reoxidation  of  the  volatilised  metallic  zinc  is  effected.  The 
thickness  of  the  layer  of  substances  on  the  grate  would  not  be 
sufficient  to  transform  the  oxygen  of  the  wind  into  carbonic 
oxide,  even  if  that  layer  were  composed  completely  of  fuel. 
jStow  the  ore  predominates  there,  and  the  fuel  is  too  dense, 
to  rapidly  react  on  the  oxygen.  The  wind,  on  the  other  hand, 
traverses  the  charge  at  a  considerable  speed.  It  can  therefore 
be  foreseen  that  the  gaseous  products  of  the  reaction,  in 
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addition  to  nitrogen  and  a  little  steam,  only  contain  carbonic 
acid  and  oxygen  to  the  exclusion  of  carbonic  oxide. 

“  Experience  confirms  this  way  of  looking  at  the  subject. 
I  have  had  occasion  to  make  some  analyses  of  gases  taken  from 
the  working  part  of  the  Wetherill  furnace,  and  found  therein 
an  excess  of  oxygen  during  all  the  phases  of  treatment.  This 
excess  is  comparatively  small  in  the  beginning  of  the  operation, 
when  blowing  is  not  so  energetic ;  it  may  then  be  reduced  to 
about  2  per  cent.  It  increases  gradually,  towards  the  end  of 
the  operation,  in  proportion  as  blowing  comes  more  energetic, 
and  the  temperature  increases ;  it  is  then  7  to  1 2  per  cent. 
It  is  higher  when  wind  is  directly  introduced  into  the  working 
part  of  the  furnace  than  when  blowing  is  confined  to  the 
ashpit. 

“An  insufficient  excess  of  oxygen  generally  produces  a  more 
or  less  grey  white. 

“  Secondary  admissions  of  air  are  sometimes  made  in  the 
working  part  of  the  furnace,  sometimes  in  the  collector  above 
the  furnace,  when  there  is  one.” 

As  in  manufacturing  zinc  oxide  from  the  metal,  the  purity 
and  whiteness  of  the  product  obtained  by  the  Wetherill  process 
depends  on  the  quality  of  the  ore. 

When  the  ore  contains  lead,  the  lead  is  to  a  great  extent 
volatilised  with  the  zinc,  and  is  afterwards  found  in  the  state 
of  carbonate,  sulphate,  and  oxide. 

Silver  is  still  more  obnoxious  than  lead,  as,  even  when  the 
zinciferous  ore  only  contains  100  grammes  to  the  ton,  the  zinc 
oxide  assumes  a  very  decided  grey  tint.  Arsenic  and  antimony 
are  equally  bad,  but  colour  the  white  less  than  lead  and 
silver. 

As  regards  iron,  opinions  are  divided ;  apparently  the  iron 
does  not  volatilise,  and  is  not  entrained  by  the  oxide  of  zinc 
produced  which  would  appear  to  confirm  the  long  practice 
of  certain  American  firms,  whose  product  is  absolutely  free 
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from  iron.  Nevertheless,  some  brands  of  zinc  oxide,  manu¬ 
factured  by  the  Wetlierill  process,  reveal  on  analyses  appreciable 
quantities  of  iron. 

Although  it  would  be  very  difficult  to  say  exactly  what  the 
ores  are  that  are  treated,  because  a  mixture  of  ores  from  different 
sources  is  always  taken,  yet  it  is  known  that  some  United 
States  factories  use  Franklinite,  Wilhelmite,  and  a  little  zincite, 
these  different  minerals  entering  into  the  mixture  in  variable 
proportion. 

The  treatment  of  a  ton  of  this  mixture  requires  100  to  130 
kilogrammes  (2  to  3  cwts.)  of  coal;  a  workman  can  treat  120 
kilogrammes  (264  lbs.)  of  ore  per  hour,  but,  as  the  working  of 
the  furnace  is  somewhat  laborious,  the  same  man  cannot  stand 
it  longer  than  eight  hours,  the  cost  of  labour  is  therefore  got  by 
saying  that  a  ton  of  ore  requires  the  labour  of  two  workmen’s 
days.  As  stated  in  the  beginning,  the  Wetlierill  process  is  only 
applicable  to  poor  ores,  and,  moreover,  ores  of  a  certain  quality, 
which  would  appear  to  explain  why  this  process  is  only 
developed  in  America,  where  such  poor  ores  exist.  In  Europe, 
where  ores,  testing  up  to  45  and  even  50  per  cent,  of  zinc,  are 
treated,  the  Wetherill  process  requires  a  very  protracted  length 
of  time  for  an  operation,  which  increases  the  working  expenses 
very  considerably. 

Besides  the  fact  that  zinc  oxide,  directly  extracted  from  the 
ore,  has  not  got  the  brilliant  whiteness  of  that  produced  from 
the  metal,  and  that  that  is  due  to  its  molecular  condition,  as 
already  stated,  it  has,  moreover,  a  much  more  feeble  apparent 
density.  Numerous  apparent  density  tests  made  by  the  author 
on  the  two  oxides,  as  delivered  to  the  trade  in  pressed  casks, 
have  always  given,  for  the  first,  a  density  of  O' 800,  whilst  the 
density  of  the  second  was  always  above  1.  This  difference  is 
again  to  be  attributed,  in  the  author’s  opinion,  to  the  different 
molecular  condition  of  the  two  products. 
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Grinding  of  Zinc  White  to  a  Stiff  Paint  in  Oil. 

f/INC  oxide,  intended  for  painting,  is  delivered  as  a  stiff 
^  paste  in  oil.  This  oil  is  poppy  seed  oil,  when  the  product 
is  intended  for  use  on  very  particular  work  requiring  perfect 
whiteness.  Linseed  oil  is  substituted  for  poppy  seed  oil  when 
the  paint  is  to  be  used  on  general  work. 

The  preparation  of  this  paste  could  not  be  more  simple,  it 
comprises  two  operations  :  (1)  mixing;  (2)  grinding. 

Mixing  is  done  in  mixers  analogous  to  those  used  in  white 
lead  factories.  They  ought,  however,  to  be  considerably  more 
capacious,  because  zinc  oxide  is  run  into  them  in  the  form  of 
a  dry  powder  of  an  apparent  density  of  1 -0,  whereas  the  paste 
in  oil  presents  a  density  varying  from  2 ‘5  to  3  according  to 
the  amount  of  oil  incorporated.  Poppy  seed  oil  or  linseed  oil 
is  run  into  the  mixer  pug  mill,  and  the  mixer  started,  and  in 
order  to  yield  an  intimate  mixture  fit  to  pass  through  the  rolls 
is  kept  at  work  for  at  least  an  hour. 

The  word  “  mixture  ”  has  been  used  advisedly  by  the  author, 
for  it  is  very  decidedly  and  very  clearly  established  that  the 
two  bodies  zinc  oxide  and  oil  have  no  affinity  for  each  other, 
and  that  no  combination  occurs  between  them ;  therefore  the 
whole  secret  in  obtaining  a  good  paste  consists  in  effecting  the 
most  perfect  mixing  of  the  two  bodies  in  question. 

From  the  fact  that  the  paste  to  be  obtained  is  only  a  mere 
mixture,  the  relative  quantities  of  the  two  substances  to  be 
brought  in  contact  is  essentially  variable ;  when  the  mixing 
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is  done  with  poppy  seed  oil  from  75  to  80  parts  by  weight 
of  zinc  oxide  is  used  to  25  to  20  parts  by  weight  of  oil. 
According  as  the  oil  enters  in  larger  or  smaller  quantity,  the 
paste  obtained  is  less  or  more  compact,  and  its  density  is  less 
oi  greater.  The  greater  the  percentage  of  oil,  the  more  prompt 
is  the  mixing;  and  conversely,  when  mixing  is  done  with 
linseed  oil,  the  proportion  of  oil  should  be  reduced.  The 
mixings  most  generally  used  are  80  up  to  83  of  zinc  oxide, 
and  20  down  to  17  of  oil.  The  advantage  of  using  linseed  oil 
is  that  it  gives  a  better  drying  paint  than  poppy  seed  oil, 
but  this  difference  in  drying  is  exclusively  due  to  the  nature 
of  the  oil. 

When  mixing  is  finished,  which  is  known  by  the  mixer 
yielding  quite  a  homogeneous  product,  the  paste  is  passed 
thiougli  rolls  identical  with  those  used  for  white  lead  manu¬ 
facture. 

The  greater  the  length  of  time  the  mixing  has  been  prolonged, 
the  quicker  can  be  the  passage  through  the  rolls.  In  the  early 
days  of  this  manufacture,  the  paste  issuing  from  the  mixer 
passed  successively  into  three  sets  of  rolls  in  which  the  rolls 
were  gradually  set  closer  and  closer.  But,  it  must  he  added, 
that  at  that  time  grinding  was  done  exclusively  in  poppy  seed 
oil,  with  which  several  passages  through  the  rolls  in  succession 
have  no  had  effect.  With  linseed  oil,  especially  old  tanked  oil, 
repeated  grindings  tend  to  render  the  paste  tacky  (stringy)! 
In  order  to  remedy  this  it  was  proposed  to  add  1  to  3  per  cent, 
of  water,  but  this  plan  has  never  given  good  results,  because  if 
it  prevented  stringing  for  the  time  being,  it  yielded  a  product 
which  rapidly  hardened  and  often  solidified  in  bulk.  Now¬ 
adays,  therefore,  it  is  preferred  to  prolong  the  mixing  and  only 
pass  the  paste  once  through  the  rolls. 

Too  prolonged  mixing  has  also  its  defects,  and  never  yields 
a  good  product.  As  to  the  cause  of  this  inferiority  of  the 
resulting  product,  opinions  are  divided ;  it  seems  to  the  author 
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judging  from  his  own  experience,  that  it  is  to  he  found  in  the 
heat,  sometimes  rather  considerable,  to  which  the  paste  is 
exposed,  especially  when  the  mixer  is  continuously  at  work 
for  a  whole  day.  The  heat  produced  by  the  friction  of  the 
parts  of  the  mixer  in  motion,  added  to  that  of  the  molecules 
of  oxide,  the  one  against  the  other,  tend  to  deteriorate  the  oil, 
or  at  least  to  modify  its  original  nature  by  the  production  of 
secondary  products,  the  presence  of  which  in  the  paste  has 
the  most  bad  effect.  Some  test  experiments,  made  by  inten¬ 
tionally  heating  the  mixers  on  the  one  hand,  or  cooling  them 
on  the  other,  have  shown  that  better  results  were  obtained  by 
cooling  than  by  heating  the  mixer. 

Going  beyond  the  question  of  the  consistency  of  the  paste 
which  it  is  desired  to  obtain,  which  regulates  the  amount  of 
oil  to  be  mixed  with  the  oxide,  it  must  be  remarked  that  the 
lower  the  apparent  density  of  a  zinc  oxide  falls,  the  more  oil 
it  requires  to  form  a  paste  of  a  predetermined  consistency. 
Thus,  for  the  same  manufacture,  snow  white  will  absorb  more 
oil  than  No.  1  white,  the  latter  more  than  No.  2.  This  is  also 
why  zinc  oxide  made  from  the  metal,  being  more  dense  than 
that  extracted  from  the  ore,  takes  less  oil  than  the  latter  in 
grinding.  All  grinders  are,  moreover,  agreed  on  that  point, 
and  find  that  American  zinc  oxide  requires  more  oil  to  bring 
it  to  the  same  form  of  paste  than  zinc  oxide  made  from  the 
metal.  Livache,  who  has  occupied  himself  greatly  with  painters’ 
materials,  has  even  determined  that  the  fact  is  not  peculiar  to 
zinc  oxide,  but  is  generalised  for  all  pulverulent  powders,  which 
caused  him  to  enunciate  the  following  law  :  “  The  amount  of 
oil  should  increase  in  proportion  as  the  density  of  the  solid 
matter  diminishes,  and  for  two  substances  of  different  densities, 
the  quantities  of  oil  ought  to  be  in  inverse  ratio  to  the 
densities.”  This  law  is  almost  exact  in  this  sense,  that  it 
is  necessary  to  understand,  by  density,  the  weight  of  a 
determined  volume  of  the  products  concerned.  If,  for  example, 
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we  take  barium  sulphate,  it  is  known  that  its  volume  will  be 
moie  bulky  the  weaker  the  liquors  by  which  its  precipitation 
has  been  effected.  ISTow  this  is  always  barium  sulphate,  the 
absolute  density  of  which  is  ever  the  same,  but  the  molecular 
condition  of  which  is  different.  If,  therefore,  barium  sulphate, 
precipitated  in  concentrated  liquors,  yields  a  product  with 
a  gieatei  apparent  density  than  that  of  the  same  product 
m  dilute  liquors,  the  former  will  require  less  oil  to  convert 
them  into  a  paste  of  given  consistency  than  the  second.  It  is 
necessary,  therefore,  in  interpreting  Livaclie’s  law,  to  read  the 
word  “  density  ”  as  the  apparent  density  of  the  product. 

As  it  issues  from  the  rolls,  the  paste  of  zinc  oxide  is  fit  for 
delivery  to  consumers.  This  delivery  is  always  in  zinc  tins, 
or  in  tinned  iron  vessels  hermetically  closed  by  a  soldered  lid. 
The  tin  is  itself  packed  in  a  wooden  receptacle,  which  is 
simply  a  cask  of  white  wood  with  staves  which  fit  more  or 
less  exactly,  and  in  which  no  endeavour  is  made  to  make  it 
water-tight,  but  merely  a  protecting  envelope  for  the  tin, 
generally  made  of  excessively  thin  metal.  It  is  usual,  in 
the  French  zinc  white  stiff  paint  trade,  to  include,  in  the  net 
weight  of  the  product,  the  weight  of  the  metal ;  the  wooden 
envelope  alone  constitutes  the  tare  deducted  from  the  gross 
weight. 

Zinc  white  stiff  paint  must  never  be  packed  in  wooden 
casks,  that  material  being  capable  of  absorbing  the  oil,  which 
has  such  a  great  tendency  to  separate  from  the  product,  and  in 
a  very  short  time  the  latter  would  be  deteriorated. 

When  it  is  desired  to  preserve  zinc  white  stiff  paint  in  a 
newly  opened  receptacle,  or  in  one  that  is  in  use,  the  surface 
of  the  product  is  covered  with  a  slight  layer  of  oil. 
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Zinc  White  Paint  and  Zinc  White  Coatings — 

Their  Merits  and  Defects. 

tyiNC  white  stiff  paints  are  treated  absolutely  in  the  same 
^  way  as  white  lead  stiff  paints.  That  is  to  say,  the  desired 
colour  is  added  to  the  zinc  white  pastes  in  oil,  then  a  mixture 
of  linseed  oil,  spirits  of  turpentine,  and  of  liquid  or  solid 
dryer,  so  as  to  bring  the  paint  to  the  desired  fluidity  for 
application. 

To  make  zinc  white  putty,  or  filler,  the  zinc  white  is 
never  used  pure,  but  finely  pulverised  and  sifted  Paris  white 
is  added  to  it.  The  proportions  in  which  the  Paris  white 
enters  vary  according  to  the  ideas  of  the  craftsman,  but  it 
ought  to  be  said  that  they  are  always  rather  high,  stiff  zinc 
white  paint,  ground  in  oil  alone,  lending  itself  very  badly  to 
the  making  of  putty,  or  fillers. 

The  properties  of  zinc  white  paints  and  putties,  or  fillers, 
are  those  of  zinc  white  itself,  which  possesses  an  inalterable 
whiteness  and  communicates  quite  a  peculiar  freshness  to  the 
paints  of  which  it  forms  the  basis;  besides,  if  noxious 
ingredients  have  not  been  added  to  the  zinc  white  paste  in 
oil,  its  use  is  absolutely  harmless. 

As  to  the  defects  which  are  very  justly  urged  against  zinc 
white,  and  the  paint  made  from  it,  they  are  numerous 
enough.  Zinc  white  covers  poorly.  It  dries  poorly.  It  stands 
the  weather  badly. 
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It  is  once  more  to  Stas  to  whom  we  must  refer  for  an 
explanation  of  these  defects.  Speaking  of  zinc  white  he 
expresses  himself  thus  : — 

“  Let  us  see  what  takes  place  when  zinc  white  and  oil  are 
mixed,  and  when  such  a  paint  is  exposed  to  dry,  applied  on  an 
object.  The  zinc  white  suspends  itself  in  the  oil,  but  however 
long  may  be  the  duration  of  the  contact  of  these  two  substances, 
whether  there  be  presence  or  absence  of  air,  whether  the  oil  be 
fresh  or  recent,  under  no  circumstances  whatever  does  any 
appreciable  quantity  of  the  zinc  oxide  dissolve  in  the  oil.” 

“  If  water  be  made  to  intervene,  and  the  contact  between  the 
oil  and  the  white  be  prolonged,  whilst  slightly  elevating  the 
temperature,  a  very  small  quantity  of  the  oil  saponifies ;  the 
linoleate  and  the  margarate  of  zinc,  products  which  dissolve 
in  the  oil  whilst  hot,  never  remain  dissolved  in  the  oil  after 
cooling.  By  directly  bringing  linoleate  and  margarate  of  zinc 
in  presence  of  oil  at  a  high  temperature,  these  zinc  salts 
dissolve  in  greater  or  less  amount,  but  separate  entirely  out  on 
cooling  to  such  an  extent  that  the  oil,  in  this  case,  scarcely 
contains  more  than  two  parts  in  a  thousand  of  zinc  oxide  in 
solution.  Thus,  as  far  as  regards  the  circumstances  in  which 
paint  is  made  and  used,  it  may  be  said  that  zinc  oxide  as  well 
as  zinc  linoleate  and  zinc  margarate  are  insoluble  in  linseed 
oil. 

“  Linseed  oil,  which  has  been  in  presence  of  zinc  oxide,  and 
in  which  linoleate  of  zinc  has  been  dissolved,  dries  no  better 
than  linseed  oil,  before  its  contact  with  these  substances. 

“  By  mixing  linseed  oil,  zinc  oxide,  and  borate  of  manganese, 
and  abandoning  this  mixture  for  several  days,  in  contact 
with  air,  the  oil  decomposes  borate  of  manganese,  and  dissolves 
the  protoxide  of  that  metal.  That  oil  may  thus  take  up  as 
much  as  2  per  cent,  of  that  metal,  it  forms  a  liquid  with  a 
feeble  yellow  colour,  which,  left  in  contact  with  air,  oxidises 
very  rapidly  and  precipitates  sesquioxide  of  manganese,  which 
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colours  the  solid  matter  intensely  brown.  Under  such 
circumstances  no  trace  of  zinc  oxide  is  dissolved  in  the 
oil. 

“  The  linoleate  and  the  margarate  of  the  protoxide  of 
manganese  are  very  soluble  in  linseed  oil,  the  solution,  which 
is  colourless,  becomes  blood  red  in  contact  with  air.  In  this 
condition  it  dries  rapidly,  and  communicates  this  property  to 
linseed  oil.  It  dries  to  a  red  transparent  varnish. 

“  If  we  deduce  from  the  preceding  facts  what  ought  to 
occur  in  the  preparation  and  the  drying  of  zinc  white  paint, 
and  the  chemical  nature  of  the  coat  after  drying,  we  arrive  at 
the  following  result : — Painting  made  with  the  help  of  a  dryer 
contains,  as  has  been  said,  traces  of  linoleate  and  margarate  of 
manganese,  the  oil  solidities,  enveloping  the  particles  of  zinc 
white,  but  the  solid  substance  produced,  only  containing  traces 
of  manganese  soap,  presents  the  properties  of  linseed  oil,  which 
has  been  made  to  dry  after  incorporating  an  inert  body  there¬ 
with.  As  the  oxide  of  zinc  does  not  dissolve  in  oil,  the  traces 
of  manganese  which  it  has  been  found  possible  to  dissolve 
therein,  have  simply  rendered  it  siccative,  and  on  the  drying 
of  this  paint  it  only  consists  of  zinc  oxide,  a  covering  body, 
mechanically  interposed  in  oxidised  linseed  oil. 

“  Has  water  been  made  to  intervene  during  the  grinding  of 
the  paint  1  In  that  case,  the  zinc  oxide  interposed  in  the  dried 
oil  may  be  mixed  with  a  certain  quantity  of  linoleate  and 
margarate  of  zinc,  but  these  salts  remain,  like  the  zinc  oxide 
itself,  outside  the  substance  of  the  oxygenated  oil,  because 
they  were  insoluble  in  the  oil,  in  the  conditions  in  which  the 
paint  was  applied. 

“Zinc  white  paint,  therefore,  can  form  a  coat  in  no  way 
whatever  more  durable  than  any  other  paint  obtained  by 
mixing  oil  with  an  inert  matter.” 

The  author  will  not  discuss  the  terms,  sometimes  inexact, 
in  which  this  savant  tells  us  of  his  examination  of  zinc  white 
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paints.  But  he  retains  the  fundamental  principle  of  it,  which 
is  perfectly  exact.  Zinc  oxide,  mixed  with  poppy  seed  or 
linseed  oil,  enters  into  no  combination  with  either,  and  it  is 
only  the  mixture  of  an  inert  solid  substance,  zinc  oxide,  with 
a  liquid  substance,  oil,  a  mixture  of  which  the  constituent 
principles,  in  virtue  of  their  great  difference  in  density,  only 
tend  to  separate.  The  proof  of  this  is  demonstrated  every 
day.  Let  one,  in  fact,  open  a  vessel  containing  stiff  zinc  white 
paint  in  oil,  and  the  oil  will  he  seen  to  swim  about  on  the  top 
in  a  more  or  less  thick  layer ;  if  the  stiff  paint  is  old,  the  whole 
of  the  oil  is  on  the  top,  and  the  whole  of  the  zinc  oxide  at  the 
bottom,  however  well  the  mixing  and  grinding  have  been 
executed. 

The  poor  covering  power  of  zinc  white  is  explained  by  that 
simple  fact,  for  in  the  case  of  a  coat  of  zinc  white  paint,  the 
same  separation  is  produced  on  the  surface,  which  is  covered 
by  it,  and  the  coat  of  paint  will  show  the  juxtaposition  of 
solid  opaque  molecules,  and  of  transparent  liquid  molecules. 
To  sum  up,  it  will  form  on  the  surface  a  real  canvas  enabling 
one  to  perceive  through  its  meshes  the  paint  underneath  it. 

The  poor  drying  capacity  of  zinc  white  is  very  clearly  ex¬ 
plained  by  Stas.  The  zinc  oxide,  forming  no  combination 
with  the  oil,  imparts  to  it  no  new  property,  and  its  drying 
power  remains  what  it  was  when  it  existed  by  itself,  that  is 
to  say,  comparatively  poor. 

Finally,  the  want  of  durability  is  also  explained  by  the 
same  cause.  The  absence  of  combination,  leading  to  the  separa¬ 
tion  of  the  elements  of  the  paint,  zinc  oxide,  and  oil.  The  oil 
in  drying  forms  a  varnish  on  the  inert  pulverulent  body,  that 
is,  on  the  oxide  of  zinc,  but  the  resistance  of  this  varnish  is 
known  to  be  very  poor,  besides  its  depth  is  exceedingly  thin, 
and  it  is  rapidly  worn  away  by  rain,  by  dust,  and  by  the  wind, 
etc. 

It  would  seem  that  owing  to  the  absence  of  the  qualities 
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required  in  a  basis  for  good  paint,  zinc  white  should  be  ex¬ 
cluded  from  the  latter.  That  is  not  so,  and  very  fortunately, 
for  the  craftsman  has  accustomed  himself  to  remedy  matters 
in  different  ways. 

As  regards  the  poor  covering  power  of  zinc  white,  that  is 
obviated  by  applying  several  coats  in  succession.  The  second 
coat  barely  covers  the  transparent  parts,  the  third  and  the 
succeeding  ones  complete  the  gaps  which  may  have  been  pro¬ 
duced.  lliis  great  number  of  superimposed  coats  increases  the 
labour,  and  consequently  the  cost  of  the  painting  which  has 
been  executed,  but  it  is  useful  to  state  that  painting  done  in 
zinc  white  is  considered  as  a  job  to  be  done  in  a  particularly 
careful  manner  with  the  custom  acquired  long  since  of  regarding 
it  as  a  more  costly  transaction. 

The  defective  drying  power  of  zinc  white  paint  can  be  very 
much  attenuated  by  adding  solid  or  liquid  driers  to  the  paint. 
The  author  will  not  say  that  this  is  as  good  as  if  the  paint  dried 
naturally.  But  this  method  enables  the  execution  of  a  certain 
class  of  work  to  be  accelerated,  and  the  time  thus  economised 
is  often  worth  the  sacrifice  of  a  little  of  the  intrinsic  quality  of 
the  work. 

Finally,  the  want  of  resistance  to  atmospheric  agents  of 
zinc  white,  or  of  the  paints  of  which  it  forms  the  base  being 
perfectly  well  recognised,  this  product  is  excluded  from  all  out¬ 
door  work,  and  there  remains  for  it  a  very  great  position  in 
indoor  work  where  its  resistance  suffices. 

To  sum  up,  if  zinc  white  has  defects,  which  are  in  some  ways 
fundamental  defects,  from  a  pictorial  point  of  view,  it  has  great 
properties,  as  regards  the  obtaining  of  effects,  in  virtue  of  its 
inalterable  whiteness,  and  the  freshness  which  it  respects  in 
blight  tints.  Thus  in  all  indoor  work  where  either  a  very  pure 
white  is  desired  or  fresh  bright  tones,  pure  zinc  white  is  used, 
either  alone,  or  as  the  basis  for  making  the  paints. 

The  author,  however,  thinks  that  zinc  oxide  suitably  treated 
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in  grinding  might  very  well  produce  a  compound  presenting  all 
the  properties  which  it  now  lacks.  The  author’s  own  protracted 
personal  researches  on  this  point  have  convinced  him  that 
zinc  oxide  can,  like  lead  compounds,  yield  with  oil,  and  particu¬ 
larly  with  linseed  oil,  real  chemical  compounds  forming  fatty 
salts  of  zinc,  which  correspond  absolutely  with  the  conditions 
formulated  by  Stas,  and  which  he  found  only  to  occur  with 
white  lead. 

It  is  to  be  well  understood,  however,  that  it  is  necessary  for 
that  purpose  to  modify  the  current  methods  of  grinding,  and 
to  lose  sight  entirely  of  that  idea  recognised  as  false,  a  long 
time  before  our  day,  and  to  recognise  that  it  is  not  enough  to 
make  a  still  paste  ground  in  oil  capable  of  serving  as  a  basis  for 
Paint,  by  simply  mixing  as  intimately  as  possible  a  white 
pulverulent  powder  with  oil,  so  as  to  obtain  a  greasy  unctuous 
paste.  What  is  necessary  is  to  endeavour  to  obtain  the  possible 
(chemical)  combination  of  these  products.  It  was  on  these 
lines  that  the  author  pursued  his  researches,  when  applying 
himself  to  lind  the  means  of  combining  zinc  oxide  with  oil. 
This  combination  not  being  capable  of  being  brought  about 
directly,  and  zinc  oxide  being  a  very  well-defined  body,  its 
properties  cannot  be  changed,  it  was  towards  the  oil  that  the 
author  directed  his  attention.  After  having  examined  all  the 
oils  of  which  the  painter  might  make  a  judicious  use,  the 
author  stopped  short  at  linseed  oil.  In  virtue  of  its  property  of 
an  organic  body,  this  oil  is  capable  of  undergoing  most  profound 
modifications.  It  is  known,  in  fact,  that  linseed  oil  exposed  to 
the  air  oxidises,  and  becomes  very  drying  (the  linoleic  acid  is 
transformed  into  oxylinoleic  acid) ;  that  oil  heated  gently  to  a 
medium  temperature  may  likewise  gain  in  drying;  that  heated 
rapidly  to  a  high  temperature,  it  thickens,  and  loses  all  its 
drying  properties. 

Therefore,  by  treating  linseed  oil  specially,  it  is  possible  to 
make  from  it  a  body  having  quite  a  peculiar  affinity  for  oxide 
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of  zinc.  The  author  has  thus  been  able  to  obtain  zinc  white 
pastes  in  oil,  of  marked  drying  properties,  covering  power,  and 
resistance.  Stiff  zinc  white  paint  so  prepared  never  separates 
from  the  oil ;  exposed  to  the  air,  it  covers  itself  with  a  skin  and 
is  preserved  indefinitely,  under  a  layer  of  water.  The  author 
has  profited  by  these  special  properties  by  applying  his  paste  in 
oil,  to  make  steam  joints,  gas  joints,  water  joints,  etc.,  which 
are  now  done  with  white  lead. 

Pushing  his  researches  still  further,  he  has  found  that  ferric 
oxide,  sesquioxide  of  chromium,  and  other  metallic  oxides  may 
likewise  form  fatty  compounds,  soluble  in  oil,  or  in  a  mixture 
of  oil  and  spirits  of  turpentine,  and  serve  as  rational  basis  in 
industrial  paints. 

Even  with  an  experience  more  than  secular,  one  should  not 
entirely  condemn  zinc  white,  because  the  author  is  assured 
that  the  defects  which  it  exhibits  at  the  present  time  are  solely 
due  to  the  fact  that  sufficient  effort  has  not  been  made  to 
make  from  it  with  oil  a  well-defined  compound  such  as  those 
furnished  by  white  lead  and  lead  oxides. 

There,  the  author  believes,  is  a  programme  which  merits 
the  attention  of  chemists  more  competent  than  himself;  and 
then  the  trade  will  be  in  possession  of  real  substitutes  not  only 
for  white  lead,  but  for  many  other  articles,  the  use  of  which  is 
justifiably  regarded  as  injurious  to  the  health  of  the  workmen. 
Then  there  will  be  no  need  of  promulgating  laws  to  suppress 
the  use  of  such  and  such  a  colour,  the  craftsman  having  the 
choice  between  two  good  products,  will  choose  the  one  which 
exposes  him  to  the  least  danger. 


THE  END. 
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age  of,  in,  48. 

, ,  covering  power  of  less 

than  white  lead, 
erratic  composition 
of,  49. 

,,  results  on  wood,  bad, 

49. 

,,  rusts  iron,  49. 

,,  sole  recommendation, 

cheapness,  49. 
Livache’s  theory,  82,  83. 

Lustre  of  paints,  7. 

Manganese  borate,  5,  85. 

,,  driers,  5,  8,  9,  66. 

,,  sesquioxide,  83. 

Masticator,  mechanical  kneader  for 
white  lead  paint,  26. 

Melting  metallic  lead,  13. 
Metallurgy  of  zinc  oxide  from  metal, 
68-71. 

,,  from  ore,  71-79. 

Mills,  white  lead  paint,  24-37. 

,,  ,,  ,,  roller,  29-37. 

Mixer  paint  (pug  mill),  24-29. 

Oil,  linseed,  2,  27,  28. 

,,  ,,  action  of  air  on,  4. 


Oil,  linseed,  action  of  driers  on,  5. 

,,  ,,  density  of,  3. 

,,  ,,  dissolves  lead  oxide 

and  acetate,  56. 

,,  ,,  expressed  versus  ex¬ 

tracted,  3. 

,,  ,,  fatty  acids  in,  3-4. 

,,  ,,  grinding  the  paint 

base  in,  7. 

,,  ,,  making  driers  from,  8. 

,,  ,,  ratio  of  driers  to,  9. 

,,  ,,  ratio  of  oil  to  white 

lead,  36-40. 

,,  ,,  raw,  white  spirit, 

benzine,  etc.,  un¬ 
suitable  as  thinners 
for,  6. 

,,  ,,  boiled,  3. 

,,  lithopone  and  zinc  sulphide, 
reaction  on,  60. 

,,  poppy  seed,  2,  27,  28,  79. 

,,  volatile,  2. 

Oleic  acid,  4. 

Opacity  of  paint,  1. 

Ore  zinc,  68. 

Outdoor  work,  paint  for,  1,  88. 
Oxidation  of  linseed  oil,  4,  5,  59. 
Oxylinoleic  acid,  4,  59,  89. 

Ozouf’s  white  lead  process,  41,  42. 

Packing  dry  white  lead,  23. 

,,  white  lead  in  oil,  33,  36. 

,,  zinc  white  in  oil,  83. 

Paint,  definition  of,  1-9. 

,,  driers,  5-9. 

,,  grinding,  24-37. 

,,  mixing,  24-39. 

,,  stiff,  test  for,  2. 

,,  thinners,  2,  5,  6,  7,  8. 
Palin’s  white  lead  process,  41. 
Paralysis  from  plumbism,  62. 

Paris  white,  61.  See  Carbonate  of 
Lime. 

Petroleum  spirit,  2,  6. 

Poppy  seed  oil  as  paint  vehicle,  27, 
28,  79. 

Porphyry  paint  rolls,  33. 

Pots  used  in  Dutch  process,  13, 
14. 

Precipitation  of  white  lead  from 
concentrated  solutions,  41. 
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Preservation  of  white  lead  paint  in 
bulk,  34. 

,,  of  zinc  white  paint  in 
bulk,  83. 

Putty,  white  lead,  60,  61,  65,  66. 

,,  zinc  white,  84. 

Red  lead  as  drier,  5,  9. 

Resinification  of  “turps”  in  paint¬ 
ing,  6. 

Retorts,  zinc  oxide,  68,  69. 

Revolving  sieves  for  white  lead,  22. 

Roller  mills  paint,  29-33. 

Rolls,  grooved,  for  white  lead  scale, 
18. 

,,  paint,  cast-iron,  31. 

,,  granite,  31,  32. 

,,  porphyry,  32. 

Romans  and  white  lead,  11. 

Rosin  as  “turps”  adulterant,  5. 

,,  oil  as  “  turps  ”  adulterant,  5. 

Saponification  of  oil  in  white 
lead  paint,  55-59. 

Shower-baths  for  white  lead  work¬ 
men,  64. 

Sifting  machines,  22. 

Silver  an  obnoxious  impurity  in 
zinc  ores  for  zinc  oxide  making, 
78. 

“  Silver  ”  white,  45. 

Soap  for  ablution  of  white  lead 
workmen,  64. 

Skinning  of  white  lead  paint,  34. 

,,  ,,  preventing,  34. 

Slate  grey,  70. 

Sodium  bicarbonate,  41. 

,,  carbonate,  41. 

,,  hyposulphite,  64. 

,.  sulphide,  64. 

Spirits  of  turpentine  as  paint 
thinner,  2,  5,  6,  78. 
,,  white,  2,  6. 

Stone,  grey,  70. 

Sulphuretted  hydrogen  action  on 
white  lead,  8,  15,  16. 

Supervision  of  white  lead  workmen, 
63. 

Thinners  for  paint,  2,  5,  6,  7. 

Tightening  paint  rolls,  33. 


Time  occupied  in  white  lead  paint 
grinding,  38. 

,,  ,,  in  zinc  white  paint 

grinding,  81,  82. 
Tinting  colours,  3-7. 

Tinned  iron  packages  for  white 
lead  paint,  33. 

Toxicology  of  white  lead,  62-66. 
Training  painters’  apprentices,  65. 

,,  enduiseurs,  65,  66. 
Turpentine,  spirits  of,  2,  5,  6,  7, 
78,  90. 

Vehicles  for  paint,  2. 

Velocity  of  paint  rolls,  30. 

Verticle  paint  mixers,  24,  25,  26. 
Vulcanisation  of  linseed  oil  by  zinc 
sulphide  and  lithopone,  48,  49. 

Water  grinding,  white  lead  scale 
in,  19. 

White  lead,  analysis  of,  51,  52. 

,,  ,,  dry  grinding  in  oil,  24, 

29. 

,,  ,,  wet  grinding  in  oil,  35- 

37. 

,,  ,,  hygiene.  See  Hygienic 

Measures,  etc. 

,,  ,,  processes:  chamber,  11, 

42,  43. 

,,  ,,  ,,  Dutch,  10, 11,  12-24. 

,,  ,,  ,,  English,  12,  45,  46. 

,,  ,,  French  or  Clichy,  11, 

38-42. 

,,  ,,  ,,  Krems,  12,  44,  45. 

White  lead,  precipitated,  38-42. 

,,  ,,  toxicology  of,  62-66. 

Whitening.  See  Paris  White. 
White  spirits,  2,  6. 

Wilhelmite  (zinc  ore),  79. 

Yellowing  of  white  lead,  28. 
Yield  of  white  lead  from  metallic 
lead,  17. 

, ,  of  zinc  white  from  metal,  71 . 

Zinc  linoleate,  85,  86. 

,,  margarate,  85, '^86. 

,,  metallic,  68. 
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ores,  G8. 

,,  white  from,  less  brilliant 
and  less  dense  than 
from  metal,  79. 
effect  of  impurities  in,  on 
oxide  produced,  78. 
oxide,  67-69. 

,,  grinding  in  oil,  80-83. 
sulphide,  47-49. 
sulphate,  5. 


Zinc  white,  merits  and  defects,  84- 

86. 

,,  ,,  poorcovcringpower,  88. 

,,  ,,  poor  drying  capacity, 

87. 

,,  ,,  poorer  quality  from  ore 

than  from  metal,  79. 
,,  ,,  unsuitable  for  outdoor 

work,  88. 

Zincite  (zinc  ore),  79. 
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( See  page  28.) 
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graphic,  Marking,  Stamping,  and  Laundry  Inks.  Bv  Sigmund  Lehner. 
Three  Illustrations.  Crown  8vo.  162  pp.  Translated  from  the  German 
of  the  Fifth  Edition.  Price  5s.  net.  (Post  free,  5s.  3d.  home ;  5s  6d 
abroad.) 


SEALING-WAXES,  WAFERS  AND  OTHER  ADHES¬ 
IVES  FOR  THE  HOUSEHOLD,  OFFICE,  WORK¬ 
SHOP  AND  FACTORY.  By  H.  C.  Standage.  Crown 
8 vo.  96  pp.  Price  5s.  net.  (Post  free,  5s.  3d.  home ;  5s.  4d.  abroad.) 
Contents. 


.Materials  Used  for  Making  Sealing^ Waxes-The  Manufacture  of  Sealing- Waxes- 
Wafers  Notes  on  the  Nature  of  the  Materials  Used  in  Making  Adhesive  Compounds-Cements 
tor  Use  in  the  Household— Office  Gums,  Pastes  and  Mucilages— Adhesive  Compounds  for 
factory  and  Workshop  Use. 


Lead  Ores  and  Compounds. 

LEAD  AND  ITS  COMPOUNDS.  By  Thos.  Lambert, 

Technical  and  Consulting  Chemist.  Demy  8vo.  226  pp.  Forty  Illus¬ 
trations.  Price  7s.  6d.  net.  (Post  free,  7s.  lOd.  home ;  8s.  3d.  abroad.) 


Contents. 

DUH'S‘?rD~0re?°f  Lead-Geographical  Distribution  of  the  Lead  Industry-Chemical  and 
Physical  I  roperties  of  Lead— Alloys  of  Lead— Compounds  of  Lead— Dressing  of  Lead  Ores 
-Smelting  of  Lead  Ores-Smelting  in  the  Scotch  or  American  Ore-hearth-Smelting  in  the 
r  c  .  t  4  FAurnace— Condensation  of  Lead  Fume— Desilverisation,  or  the  Separation 

of  Silver  from  Argentiferous  Lead-Cupellation-The  Manufacture  of  Lead  Pipes  and 
Sheets— Protoxide  of  Lead— Litharge  and  Massicot— Red  Lead  or  Minium— Lead  Poisoning 
O  l  (  Substitutes—, Zinc  and  its  Compounds— Pumice  Stone-Drying  Oils  and  Siccatives 
Od  of  Turpentine  Resin— Classification  of  Mineral  Pigments— Analysis  of  Raw  and  Finished 


NOTES  ON  LEAD  ORES  :  Their  Distribution  and  Properties. 

By  Jas.  Fairie,  F.G.S.  Crown  8vo.  64  pages.  Price  Is.  net. 
(Post  free,  Is.  3d.  home;  Is.  4d.  abroad.) 

( White  Lead  and  Zinc  White  Paints,  see  p.  4.) 


Industrial  Hygiene. 

THE  RISKS  AND  DANGERS  TO  HEALTH  OF  VARI¬ 
OUS  OCCUPATIONS  AND  THEIR  PREVENTION. 

By  Leonard  A.  Parry,  M.D.,  B.Sc.  (Lond.).  196  pp.  Demy  8vo. 
Price  7s.  6d.  net.  (Post  free,  7s.  lOd.  home  ;  8s.  abroad.) 

Contents. 

Occupations  which  are  Accompanied  by  the  Generation  and  Scattering  of  Abnormal 
Quantities  of  Dust — Trades  in  which  there  is  Danger  of  Metallic  Poisoning — Certain  Chemi¬ 
cal  Trades — Some  Miscellaneous  Occupations — Trades  in  which  Various  Poisonous  Vapours 
are  Inhaled — General  Hygienic  Considerations — Index. 

Industrial  Uses  of  Air,  Steam  and 

Water. 

DRYING  BY  MEANS  OF  AIR  AND  STEAM.  Explana¬ 
tions,  Formulae,  and  Tables  for  Use  in  Practice.  Translated  from  the 
German  of  E.  Hausbrand.  Two  folding  Diagrams  and  Thirteen  Tables. 
Crown  8vo.  72  pp.  Price  5s.  net.  (Post  free,  5s.  3d.  home;  5s.  6d. 
abroad.)  Contents. 

British  and  Metric  Systems  Compared — Centigrade  and  Fahr.  Thermometers— Estimation 
of  the  Maximum  Weight  of  Saturated  Aqueous  Vapour  which  can  be  contained  in  1  kilo, 
of  Air  at  Different  Pressure  and  Temperatures — Calculation  of  the  Necessary  Weight  and 
Volume  of  Air,  and  of  the  Least  Expenditure  of  Heat,  per  Drying  Apparatus  with  Heated 
Air,  at  the  Atmospheric  Pressure:  A,  With  the  Assumption  that  the  Air  is  Completely  Satur¬ 
ated  with  Vapour  both  before  Entry  and  after  Exit  from  the  Apparatus — B,  When  the 
Atmospheric  Air  is  Completely  Saturated  before  entry ,  but  at  its  exit  is  only  §,  i  or  J  Saturated 
— C,  When  the  Atmospheric  Air  is  not  Saturated  with  Moisture  before  Entering  the  Drying 
Apparatus — Drying  Apparatus,  in  which,  in  the  Drying  Chamber,  a  Pressure  is  Artificially 
Created,  Higher  or  Lower  than  that  of  the  Atmosphere — Drying  by  Means  of  Superheated 
Steam,  without  Air — Heating  Surface,  Velocity  of  the  Air  Current,  Dimensions  of  the  Drying 
Room,  Surface  of  the  Drying  Material,  Losses  of  Heat — Index. 

(See  also  “  Evaporating,  Condensing  and  Cooling  Apparatus,"  p.  26.) 

PURE  AIR,  OZONE  AND  WATER.  A  Practical  Treatise 

of  their  Utilisation  and  Value  in  Oil,  Grease,  Soap,  Paint,  Glue  and 
other  Industries.  By  W.  B.  Cowell.  Twelve  Illustrations.  Crown 
8vo.  85  pp.  Price  5s.  net.  (Post  free,  5s.  3d.  home ;  5s.  6d.  abroad.) 

Contents. 

Atmospheric  Air ;  Lifting  of  Liquids  ;  Suction  Process ;  Preparing  Blown  Oils:  Preparing 
Siccative  Drying  Oils — Compressed  Air;  Whitewash — Liquid  Air;  Retrocession — Purification 
of  Water;  Water  Hardness — Fleshings  and  Bones — Ozonised  Air  in  the  Bleaching  and  De¬ 
odorising  of  Fats,  Glues,  etc. ;  Bleaching  Textile  Fibres — Appendix:  Air  and  Gases;  Pressure 
of  Air  at  Various  Temperatures ;  Fuel;  Table  of  Combustibles;  Saving  of  Fuel  by  Heating 
Feed  Water;  Table  of  Solubilities  of  Scale  Making  Minerals;  British  Thermal  Units  Tables  ; 
Volume  of  the  Flow  of  Steam  into  the  Atmosphere :  Temperature  of  Steam — Index. 

THE  INDUSTRIAL  USES  OF  WATER.  COMPOSI¬ 
TION  —  EFFECTS— TROUBLES  —  REMEDIES— RE¬ 
SIDUARY  WATERS— PURIFICATION— ANALYSIS. 

By  H.  de  la  Coux.  Royal  8vo.  Translated  from  the  French  and 
Revised  by  Arthur  Morris.  364  pp.  135  Illustrations.  Price  10s.  6d. 
net.  (Post  free,  11s.  home;  11s.  6d.  abroad.) 

Contents. 

Chemical  Action  of  Water  in  Nature  and  in  Industrial  Use — Composition  of  Waters — 
Solubility  of  Certain  Salts  in  Water  Considered  from  the  Industrial  Point  of  View — Effects  on 
the  Boiling  of  Water — Effects  of  Water  in  the  Industries — Difficulties  with  Water — Feed 
Water  for  Boilers — Water  in  Dyeworks,  Print  Works,  and  Bleach  Works — Water  in  the 
Textile  Industries  and  in  Conditioning — Water  in  Soap  Works — Water  in  Laundries  and 
Washhouses — Water  in  Tanning — Water  in  Preparing  Tannin  and  Dyewood  Extracts— Water 
in  Papermaking — Water  in  Photography — Water  in  Sugar  Refining — Water  in  Making  Ices 
and  Beverages — Water  in  Cider  Making — Water  in  Brewing — Water  in  Distilling — Preliminary 
Treatment  and  Apparatus — Substances  Used  for  Preliminary  Chemical  Purification — Com¬ 
mercial  Specialities  and  their  Employment — Precipitation  of  Matters  in  Suspension  in  Water 
— Apparatus  for  the  Preliminary  Chemical  Purification  of  Water — Industrial  Filters — Indus¬ 
trial  Sterilisation  of  Water — Residuary  Waters  and  their  Purification — Soil  Filtration- 
Purification  by  Chemical  Processes — Analyses — Index. 

(See  Boohs  on  Smoke  Prevention,  Engineering  and  Metallurgy,  p.  26,  etc.) 


X  Rays. 

PRACTICAL  X  RAY  WORK.  By  Frank  T.  Addyman, 

B.Sc.  (Lond.),  F.I.C.,  Member  of  the  Roentgen  Society  of  London; 
Radiographer  to  St.  George’s  Hospital ;  Demonstrator  of  Physics  and 
Chemistry,  and  Teacher  of  Radiography  in  St.  George’s  Hospital 
Medical  School.  Demy  8vo.  Twelve  Plates  from  Photographs  of  X  Ray 
Work.  Fifty-two  Illustrations.  200  pp.  Price  10s.  6d.  net.  (Post  free, 
10s.  lOd.  home;  11s.  3d.  abroad.) 

Contents. 

Historical — Work  leading  up  to  the  Discovery  of  the  X  Rays — The  Discovery — Appara¬ 
tus  and  its  Management — Electrical  Terms — Sources  of  Electricity — Induction  Coils — 
Electrostatic  Machines — Tubes — Air  Pumps — Tube  Holders  and  Stereoscopic  Apparatus — 
Fluorescent  Screens— Practical  X  Ray  Work— Installations— Radioscopy— Radiography— 
X  Rays  in  Dentistry — X  Rays  in  Chemistry — X  Rays  in  War — Index. 

_  List  of  Plates. 

frontispiece— Congenital  Dislocation  of  Hip-Joint.— I.,  Needle  in  Finger.— II.,  Needle  in 
Foot.— III.,  Revolver  Bullet  in  Calf  and  Leg.— IV.,  A  Method  of  Localisation.— V  ,  Stellate 
Fracture  of  Patella  showing  shadow  of  “  Strapping  ”.— VI.,  Sarcoma.— VII.,  Six-weeks-old 
Injury  to  Elbow  showing  new  Growth  of  Bone.— VIII.,  Old  Fracture  of  Tibia  and  Fibula 
badly  set.— IX.,  Heart  Shadow.— X.,  Fractured  Femur  showing  Grain  of  Splint.— XI.,  Bar¬ 
ren’s  Method  of  Localisation. 

India-Rubber  and  Gutta  Percha. 

INDIA-RUBBER  AND  GUTTA  PERCHA.  Second 

English  Edition,  Revised  and  Enlarged.  Based  on  the  French  work  of 
T.  Seelkimann,  G.  Lamy  Torrilhon  and  H.  Falconnet  by  John 
Geddes  McIntosh.  Royal  8vo.  100  Illustrations.  400  pages.  Price 
12s.  6d.  net.  (Post  free,  13s.  home;  13s.  6d.  abroad.)  [Just  published. 

Contents. 

India-Rubber. — Indiarubber,  Latex — Definitions — Laticiferous  Vessels — Botanical  Origin 
Habitats  Methods  of  obtaining  the  Latex — Methods  of  Preparing  Raw  or  Crude  India- 
rubber  Rubber  Cultivation  in  Various  Countries — Climatology — Soil — Rational  Culture  and 
Acclimatisation  of  the  Different  Species  of  Indiarubber  Plants — Classification  of  the  Com¬ 
mercial  Species  of  Raw  Rubber — Physical  and  Chemical  Properties  of  the  Latex  and  of 
Indiarubber — General  Considerations — Mechanical  Transformation  of  Natural  Rubber  into 
Washed  or  Normal  Rubber  (Purification) — Softening,  Cutting,  Washing,  Drying,  Storage — 
Mechanical  Transformation  of  Normal  Rubber  into  Masticated  Rubber — Vulcanisation  of 
Normal  Rubber — Chemical  and  Physical  Properties  of  Vulcanised  Rubber — Hardened  Rubber 
or  Ebonite — Considerations  on  Mineralisation  and  Other  Mixtures — Coloration  and  Dyeing — 
Analysis  of  Natural  or  Normal  Rubber  and  Vulcanised  Rubber — Rubber  Substitutes — 
Imitation  Rubber — Analysis  of  Indiarubber. 

Gutta  Percha. — Definition  of  Gutta  Percha — Botanical  Origin — Habitat — Climatology — 
Soil  Rational  Culture — Methods  of  Collection — Felling  and  Ringing  versus  Tapping — Extrac¬ 
tion  of  Gutta  Percha  from  Leaves  by  Toluene,  etc. — Classification  of  the  Different  Species  of 
Commercial  Gutta  Percha — Physical  and  Chemical  Properties  of  Gutta  Percha — Mechanical 
Treatment  of  Gutta  Percha — Methods  of  Analysing  Gutta  Percha — Gutta  Perchr  Substitutes. 

Leather  Trades. 


PRACTICAL  TREATISE  ON  THE  LEATHER  IN¬ 
DUSTRY.  By  A.  M.  Villon.  Translated  by  Frank  T. 
Addyman,  B.Sc.  (Lond.),  F.I.C.,  F.C.S. ;  and  Corrected  by  an  Emi¬ 
nent  Member  of  the  Trade.  500  pp.,  royal  8vo.  123  Illustrations. 
Price  21s.  net.  (Post  free,  21s.  6d.  home ;  22s.  6d.  abroad.) 

„  „  Contents. 

Preface — Translator’s  Preface — List  of  Illustrations. 

Part  I.,  Materials  used  in  Tanning — Skins:  Skin  and  its  Structure;  'Skins  used  in 
Tanning;  Various  Skins  and  their  Uses — Tannin  and  Tanning  Substances:  Tannin;  Barks 
(Oak);  Barks  other  than  Oak;  Tanning  Woods ;  Tannin-bearing  Leaves;  Excrescences; 
Tan-bearing  Fruits;  Tan-bearing  Roots  and  Bulbs;  Tanning  Juices;  Tanning  Substances 
used  in  Various  Countries;  Tannin  Extracts;  Estimation  of  Tannin  and  Tannin  Principles. 

Part  II.,  Tanning — The  Installation  of  a  Tannery:  Tan  Furnaces;  Chimneys,  Boilers, 
etc.;  Steam  Engines — Grinding  and  Trituration  of  Tanning  Substances:  Cutting  up  Bark; 
Grinding  Bark;  The  Grinding  of  Tan  Woods;  Powdering  Fruit,  Galls  and  Grains;  Notes  on 
the  Grinding  of  Bark — Manufacture  of  Sole  Leather:  Soaking;  Sweating  and  Unhairing; 
Plumping  and  Colouring;  Handling;  Tanning;  Tanning  Elephants’  Hides;  Drying; 
Striking  or  Pinning—Manufacture  of  Dressing  Leather:  Soaking;  Depilation ;  New  Pro¬ 
cesses  for  the  Depilation  of  Skins;  Tanning;  Cow  Hides;  Horse  Hides;  Goat  Skins;  Manu¬ 
facture  of  Split  Hides — On  Various  Methods  of  Tanning :  Mechanical  Methods;  Physical 
Methods;  Chemical  Methods;  Tanning  with  Extracts — Quantity  and  Quality;  Quantity; 
Net  Cost;  Quality  of  Leather — Various  Manipulations  of  Tanned  Leather:  Second  Tanning; 
Grease  Stains;  Bleaching  Leather;  Waterproofing  Leather;  Weighting  Tanned  Leather; 
Preservation  of  Leather — Tanning  Various  Skins. 


Part  III.,  Currying  —  Waxed  Calf:  Preparation;  Shaving;  Stretching  or  Slicking; 
Oiling  the  Grain ;  Oiling  the  Flesh  Side;  Whitening  and  Graining;  Waxing;  Finishing;  Dry 
Finishing;  Finishing  in  Colour;  Cost — White  Calf:  Finishing  in  White— Cow  Hide  for 
Upper  Leathers:  Black  Cow  Hide;  White  Cow  Hide;  Coloured  Cow  Hide— Smooth  Cow 
Hide — Black  Leather — Miscellaneous  Hides:  Horse;  Goat;  Waxed  Goat  Skin;  Matt  Goat 
Skin — Russia  Leather:  Russia  Leather;  Artificial  Russia  Leather. 

Part  IV.,  Enamelled,  Hungary  and  Chamoy  Leather,  Morocco,  Parchment,  Furs 
and  Artificial  Leather — -Enamelled  Leather :  Varnish  Manufacture ;  Application  of  the 
Enamel;  Enamelling  in  Colour — Hungary  Leather:  Preliminary;  Wet  Work  or  Prepara¬ 
tion;  Aluming;  Dressing  or  Loft  Work;  Tallowing;  Hungary  Leather  from  Various  Hides 
— Tawing:  Preparatory  Operations;  Dressing;  Dyeing  Tawed  Skins;  Rugs— Chamoy  Leather 
— Morocco:  Preliminary  Operations,  Morocco  Tanning;  Mordants  used  in  Morocco  Manu¬ 
facture;  Natural  Colours  used  in  Morocco  Dyeing;  Artificial  Colours;  Different  Methods 
of  Dyeing;  Dyeing  with  Natural  Colours;  Dyeing  with  Aniline  Colours;  Dyeing  with 
Metallic  Salts;  Leather  Printing ;  Finishing  Morocco  ;  Shagreen  ;  Bronzed  Leather — Gilding 
and  Silvering:  Gilding;  Silvering;  Nickel  and  Cobalt — Parchment — Furs  and  Furriery: 
Preliminary  Remarks;  Indigenous  Furs;  Foreign  Furs  from  Hot  Countries;  Foreign  Furs 
from  Cold  Countries ;  Furs  from  Birds’  Skins;  Preparation  of  Furs;  Dressing;  Colouring; 
Preparation  of  Birds’  Skins;  Preservation  of  Furs — Artificial  Leather:  Leather  made  from 
Scraps;  Compressed  Leather;  American  Cloth;  Papier  Mach6 ;  Linoleum;  Artificial  Leather. 

Part  V.,  Leather  Testing  and  the  Theory  of  Tanning— Testing  and  Analysis  of  Leather  ; 
Physical  Testing  of  Tanned  Leather;  Chemical  Analysis — The  Theory  of  Tanning  and  the 
other  Operations  of  the  Leather  and  Skin  Industry:  Theory  of  Soaking;  Theory  of  Un¬ 
hairing;  Theory  of  Swelling;  Theory  of  Handling;  Theory  of  Tanning;  Theory  of  the 
Action  of  Tannin  on  the  Skin;  Theory  of  Hungary  Leather  Making;  Theory  of  Tawing; 
Theory  of  Chamoy  Leather  Making;  Theory  of  Mineral  Tanning. 

Part  VI.,  Uses  of  Leather — Machine  Belts:  Manufacture  of  Belting;  Leather  Chain 
Belts;  Various  Belts;  Use  of  Belts — Boot  and  Shoe-making:  Boots  and  Shoes;  Laces — 
Saddlery:  Composition  of  a  Saddle;  Construction  of  a  Saddle — Harness:  The  Pack  Saddle- 
Harness — -Military  Equipment — Glove  Making — Carriage  Building — Mechanical  Uses. 

Appendix,  The  World’s  Commerce  in  Leather— Europe ;  America;  Asia;  Africa  ; 
Australasia — Index. 

THE  LEATHER  WORKER’S  MANUAL.  Being  a  Com¬ 
pendium  of  Practical  Recipes  and  Working  Formulas  for  Curriers, 
Bootmakers,  Leather  Dressers,  Blacking  Manufacturers,  Saddlers, 
Fancy  Leather  Workers.  By  H.  C.  Standage.  Demy  8vo.  165  pp. 
Price  7s.  6d.  net.  (Post  free,  7s.  lOd.  home  ;  8s.  abroad.) 

Contents. 

Blackings,  Polishes,  Glosses,  Dressings,  Renovators,  etc.,  for  Boot  and  Shoe  Leather — 
Harness  Blackings,  Dressings,  Greases,  Compositions,  Soaps,  and  Boot-top  Powders  and 
Liquids,  etc.,  etc. — Leather  Grinders’  Sundries — Currier’s  Seasonings,  Blacking  Compounds, 
Dressings,  Finishes,  Glosses,  etc. — Dyes  and  Stains  for  Leather — Miscellaneous  Information 
— Chrome  Tannage — Index. 

(See  “  Wood  Products,  Distillates  and  Extracts,"  p.  29). 

Books  on  Pottery,  Bricks, 
Tiles,  Glass,  etc. 

MODERN  BRICKMAKING.  By  Alfred  B.  Searle.  Royal 
8vo.  440  pages.  260  Illustrations.  Price  12s.  6d.  net.  (Post  free, 
13s.  home;  13s.  6d.  abroad.)  [Just  published. 

Contents. 

Nature  and  Selection  of  Clays.  —  Lake  and  River  Deposited  Clays — Rock  Clays — Shale 
— Fire-clay.  The  Colour  of  Bricks. — Marls — White,  Yellow,  and  Red  Bricks — Terra-cotta — 
Blue  Bricks.  General  Characteristics  of  Bricks.— Fletton,  Bath,  and  Accrington  Bricks 
— London  Stocks — Plastic  Bricks — Sand-faced  Bricks — Glazed  Bricks — Fire  Bricks — Qualities 
of  Bricks.  Sand,  Breeze,  and  other  Materials. — Chalk-water — General  Manufacture  of 
Bricks — Clay-washing — Haulage — Hand-Brickmaking — Preparation  of  the  Paste— Pugging 
—  Slop-moulding— Sand-moulding  —  Drying  —  Shrinking  — Pressing — Clamp  Kilns — Firing  a 
Clamp.  Plastic  Moulding  by  Machinery.- — Wire-cut  Bricks- — Brick  Machines  and  Plant- 
Crushing  Rolls — Grinding  Mills— Wet  Pans.  Mixers  and  Feeders. — Pug-mills,  Mouthpiece 
Presses,  and  Auger  Machines — Expression  Roller  Machines — Cutting  Tables — Repressing — 
Screw  Presses — Eccentric  Represses— Die-Boxes.  Drying.- — Transport.  Stiff-plastic 
Process. — Mill  Feeding  Machines — Grinding  Mills — Elevating — Screens — Sieves — Revolving 
Screens  —  Stiff-plastic  Brickmaking  Machines- — Repressing — Carrying-off- — Drying —  Kilns. 
Semi-Dry  or  Semi-Plastic  Process. — Lamination — Drying  Troubles — Moulds  and  Arrises. 
The  Dry  or  Dust  Process. — Lamination.  Kilns. — Down-draught  Kilns — Horizontal-draught 
Kilns — -Continuous  Kilns— Up-draught  Kilns — Newcastle  Kiln — Gas-fired  Kilns — Semi-con¬ 
tinuous  Kilns — Hoffmann  Kilns — Hot-air  Flues — Temporary  and  Permanent  Flues — Chamber 
Kilns — Steam — Draught— Mechanical  Draught — Gas-fired  Continuous  Kilns — -Muffle  Kilns — 
Kiln  Construction. — Choice  of  Bricks — Foundations — Construction  of  Arches  and  Crowns — 
Fire  Boxes — Feed-holes  Chimneys — Selecting  a  Kiln.  Setting  and  Burning. — Up-draught 
and  Down-draught  Kilns — Horizontal-draught  or  Continuous  Kiln — Glazed  Bricks.  Firing,-— 


15 


Xri>2^ 

Fireproof  Flooring.  Moulded  and  Ornamental  Bricks-Drying  Raw  Clay-Sourcel'^f 

or  Site-Ullsuitable  StfofiPRS! 

THE  MANUAL  OF  PRACTICAL  POTTING.  Compiled 

by  ExpertS)  and  Edited  by  Chas.  F.  Binns.  Third  Edition,  Revised 
aac*  200  pp.  Demy  8vo.  Price  17s.  6d.  net.  (Post  free 

17s.  lOd.  home;  18s.  3d.  abroad.) 

POTIERY  DECORATING.  A  Description  of  all  the  Pro¬ 
cesses  for  Decorating  Pottery  and  Porcelain.  By  R.  Hainbach 
Translated  from  the  German.  Crown  8vo.  250  pp.  Twenty-two 
Illustrations.  Price  7s.  6d.  net.  (Post  free,  7s.  lOd.  home  ;  8s.  abroad.) 

Contents. 

Glazes  and  E  n  go  bes. -Glazes  and  Their  Composition-Glaze  Materials-The  Preoara 
tion  of  Glazes  Coloured  Glazes-Engobes  and  Glazes  for  same- Porcelain  Glazes  Ceramfc 
Colours.— Preparation  of  Pure  Colours— Underglaze  Colours— Aonlvinu  f"*  C 

Earthenware— Glost  Fire  Colours-Muffle  Colours-Decorating  P^rcelmn  wiA  MetaR0" 
Decorating  Porcelain  by  Electroplating-Lustre  Decorating  on  Porce  ain^iring  MufflZ 
Colours— Imitation  ot  Paintings  on  Porcelain— Index.  orctiain  mnng  Muffle 

ARCHITECTURAL  POTTERY.  Bricks,  Tiles,  Pipes,  Ena¬ 
melled  lerra-cottas  Ordinary  and  Incrusted  Quarries,  Stoneware 
Mosaics  Faiences  and  Architectural  Stoneware.  By  Leon  Lefevre. 
Translated  from  the  French  by  K.  H.  Bird,  M.A.,  and  W  Moore 
Binns  With  Five  Plates.  950 1  [lustrations  in  the  Text,  and  numerous 
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ductors— Fixing  the  Conduits  and  Running  Wires  in  Them— Drawing  Wires  into  Tubes— To 
Avoid  Shock.  IV.,  Lamps. — The  Incandescent  Lamp— Lamp  Holders— Lamp  Fittings— The 
Nernst  Lamp.  V.,  Switches,  Fuses,  Distribution  Boards,  etc.— The  Electricity  Meter- 
Prepayment  Meters. 

THE  PRINCIPLES  AND  PRACTICE  OF  DIPPING, 
BURNISHING,  LACQUERING  AND  -BRONZING 
BRASS  WARE.  By  W.  Norman  Brown.  35  pp.  Crown 
8vo.  Price  2s.  net.  (Post  free,  2s.  3d.  home  and  abroad.) 

THE  HISTORY  OF  INCANDESCENT  LAMPS.  By  G. 

Basil  Barham,  A  M.I.E.E.  Illustrated.  rTn  preparation, 


A  HANDBOOK  ON  JAPANNING  AND  ENAMELLING 
FOR  CYCLES,  BEDSTEADS,  TINWARE,  ETC.  By 

William  Norman  Brown.  52  pp.  and  Illustrations.  Crown  Svo. 
Price  2s.  net.  (Post  free,  2s.  3d.  home  and  abroad.) 

THE  PRINCIPLES  OF  HOT  WATER  SUPPLY.  By 

John  W.  Hart,  R.P.C.  With  129  Illustrations.  177  pp.,  demy  Svo. 
Price  7s.  6d.  net.  (Post  free,  7s.  lOd.  home ;  8s.  abroad.) 

House  Decorating  and  Painting. 

THREE  HUNDRED  SHADES  AND  HOW  TO  MIX 
THEM.  For  Architects,  Painters  and  Decorators.  By  A. 
Desaint,  Artistic  Interior  Decorator  of  Paris.  The  book  contains  100 
folio  Plates,  measuring  12  in.  by  7  in.,  each  Plate  containing  specimens 
of  three  artistic  shades.  These  shades  are  all  numbered,  and  their 
composition  and  particulars  for  mixing  are  fully  given  at  the  beginning 
of  the  book.  Each  Plate  is  interleaved  with  grease-proof  paper,  and 
the  volume  is  very  artistically  bound  in  art  and  linen  with  the  Shield 
of  the  Painters’  Guild  impressed  on  the  cover  in  gold  and  silver.  Price 
21s.  net.  (Post  free,  21s.  6d.  home  ;  22s.  6d.  abroad.) 

HOUSE  DECORATING  AND  PAINTING.  By  W. 

Norman  Brown.  Eighty-eight  Illustrations.  150  pp.  Crown  8vo. 
Price  3s.  6d.  net.  (Post  free,  3s.  9d.  home  and  abroad.) 

A  HISTORY  OF  DECORATIVE  ART.  By  W.  Norman 

Brown.  Thirty-nine  Illustrations.  96  pp.  Crown  Svo.  Price  Is.  net. 
(Post  free,  Is.  3d.  home  and  abroad.) 

WORKSHOP  WRINKLES  for  Decorators,  Painters,  Paper- 
hangers  and  Others.  By  W.  N.  Brown.  Crown  Svo.  128  pp.  Second 
Edition.  Price  2s.  6d.  net.  (Post  free,  2s.  9d.  home  ;  2s.  lOd.  abroad.) 

Brewing  and  Botanical. 

HOPS  IN  THEIR  BOTANICAL,  AGRICULTURAL 
AND  TECHNICAL  ASPECT,  AND  AS  AN  ARTICLE 
OF  COMMERCE.  By  Emmanuel  Gross,  Professor  at 
the  Higher  Agricultural  College,  Tetschen-Liebwerd.  Translated 
from  the  German.  Seventy-eight  Illustrations.  340  pp.  Demy  Svo. 
Price  10s.  6d.  net.  (Post  free,  11s.  home;  11s.  6d.  abroad.) 
Contents. 

HISTORY  OF  THE  HOP — THE  HOP  PLANT — Introductory— The  Roots — The  Stem — 
and  Leaves — Inflorescence  and  Flower:  Inflorescence  and  Flower  of  the  Male  Hop;  In¬ 
florescence  and  Flower  of  the  Female  Hop — The  Fruit  and  its  Glandular  Structure  :  The 
Fruit  and  Seed — Propagation  and  Selection  of  the  Hop — Varieties  of  the  Hop:  (a)  Red  Hops; 
(b)  Green  Hops;  (c)  Pale  Green  Hops — Classification  according  to  the  Period  of  Ripening: 
Early  August  Hops;  Medium  Early  Hops;  Late  Hops — Injuries  to  Growth — Leaves  Turning 
Yellow,  Summer  or  Sunbrand,  Cones  Dropping  Off,  Honey  Dew,  Damage  from  Wind,  Hail 
and  Rain  ;  Vegetable  Enemies  of  the  Hop:  Animal  Enemies  of  the  Hop — Beneficial  Insects  on 
Hops— CULTIVATION — The  Requirements  of  the  Hop  in  Respect  of  Climate,  Soil  and 
Situation :  Climate ;  Soil  ;  Situation — Selection  of  Variety  and  Cuttings — Planting  a  Hop 
Garden:  Drainage;  Preparing  the  Ground;  Marking-out  for  Planting ;  Planting;  Cultivation 
and  Cropping  of  the  Hop  Garden  in  the  First  Year — Work  to  be  Performed  Annually  in  the 
Hop  Garden:  Working  the.  Ground;  Cutting;  The  Non-cutting  System;  The  Proper  Per¬ 
formance  of  the  Operation  of  Cutting:  Method  of  Cutting:  Close  Cutting,  Ordinary  Cutting, 
The  Long  Cut,  The  Topping  Cut;  Proper  Season  for  Cutting:  Autumn  Cutting,  Spring 
Cutting;  Manuring;  Training  the  Hop  Plant:  Poled  Gardens,  Frame  Training;  Principal 
Types  of  Frames  Pruning,  Cropping,  Topping,  and  Leaf  Stripping  the  Hop  Plant ;  Picking, 
Drying  and  Bagging — Principal  and  Subsidiary  Utilisation  of  Hops  and  Hop  Gardens — Life 
of  a  Hop  Garden ;  Subsequent  Cropping — Cost  of  Production,  Yield  and  Selling  Prices. 

Preservation  and  Storage — Physical  and  Chemical  Structure  of  the  Hop  Cone — Judging 
the  Value  of  Hops. 

Statistics  of  Prod  uction— The  Hop  Trade— Index, 


Wood  Products,  Timber  and 
Wood  Waste. 


WOOD  PRODUCTS :  DISTILLATES  AND  EXTRACTS. 

By  P.  Dumesny,  Chemical  Engineer,  Expert  before  the  Lyons  Com- 
mei  cial  Tribunal,  Member  of  the  International  Association  of  Leather 
Chemists;  and  J.  Noyer.  Translated  from  the  French  by  Donald 
Grant.  Royal  8vo.  320  pp.  103  Illustrations  and  Numerous  Tables. 
Price  10s.  6d.  net.  (Post  free,  11s.  home  ;  11s.  6d.  abroad.) 
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Acetates— Secondary  Products  of  the  Distillation  of  Wood-Acetone— Analysis  of 
|W  Spa”f  M,nlMhed  J>roduCts— . Appendix  -The  Destructive  Distillation  Jf  Olive 
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U  ^0dern  Tanneries— Plant  and  Equipment  for  Treating  Chestnut  Wood 

-Analysis  of  Tanning  Substances- The  Official  Method  of  the  International  Association 
ot  Leather  Chemists,  with  Supplementary  Notes. 


TIMBER  :  A  Comprehensive  Study  of  Wood  in  all  its  Aspects 
(Commercial  and  Botanical),  showing  the  Different  Applications  and 
U/fif  of  Timber  in  Various  Trades,  etc.  Translated  from  the  French 
?  Paul  Charpentier.  Royal  8vo.  437  pp.  178  Illustrations.  Price 
12s.  6d.  net.  (Post  free,  13s.  home  ;  14s.  abroad.) 
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THE  UTILISATION  OP  WOOD  WASTE.  Translated  from 
the  German  of  Ernst  Hubbard.  Crown  8vo.  192  pp.  Fifty  Illustra¬ 
tions.  Price  5s.  net.  (Post  free,  5s.  4d.  home  ;  5s.  6d.  abroad.) 


Building  and  Architecture. 


THE  PREVENTION  OF  DAMPNESS  IN  BUILDINGS- 

with  Remarks  on  the  Causes,  Nature  and  Effects  of  Saline,  Efflores¬ 
cences  and  Dry-rot,  for  Architects,  Builders,  Overseers,  Plasterers 
Painters  and  House  Owners.  By  Adolf  Wilhelm  Keim.  Translated 
German  of  the  secor>d  revised  Edition  by  M.  J.  Salter,  F.I.C. 
F.C.S.  Eight  Coloured  Plates  and  Thirteen  Illustrations.  Crown  8vo’ 
115  pp.  Price  5s.  net.  (Post  free,  5s.  3d.  home ;  5s.  4d.  abroad.) 


HANDBOOK  OF  TECHNICAL  TERMS  USED  IN  ARCHI¬ 
TECTURE  AND  BUILDING,  AND  THEIR  ALLIED 
TRADES  AND  SUBJECTS.  By  Augustine  C.  Passmore. 

Demy  8v°.  380  pp.  Price  7s.  6d.  net.  (Post  free,  8s.  home  ;  8s.  6d. 
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The  Preserving  of  Foods  and 
Sweetmeats. 

THE  MANUFACTURE  OF  PRESERVED  FOODS  AND 
SWEETMEATS.  By  A.  Hausner.  With  Twenty-eight 
Illustrations.  Translated  from  the  German  of  the  third  enlarged 
Edition.  Crown  8vo.  225  pp.  Price  7s.  6d.  net.  (Post  free,  7s.  9d. 
home;  7s.  lOd.  abroad.) 
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Gamgee's  Method  of  Preserving  Meat— The  Preservation  of  Eggs— Preservation  of  White 
and  Yolk  of  Egg— Milk  Preservation— Condensed  Milk— The  Preservation  of  Fat— Manu¬ 
facture  of  Soup  Tablets— Meat  Biscuits— Extract  of  Beef— The  Preservation  of  Vegetable 
Foods  in  General— Compressing  Vegetables— Preservation  of  Vegetables  by  Appert’s  Method 

_ The  Preservation  of  Fruit— Preservation  of  Fruit  by  Storage— The  Preservation  of  Fruit 

by  Drying— Drying  Fruit  by  Artificial  Heat— Roasting  Fruit— The  Preservation  of  Fruit  with 
Sugar— Boiled  Preserved  Fruit— The  Preservation  of  Fruit  in  Spirit,  Acetic  Acid  or  Glycerine 
—Preservation  of  Fruit  without  Boiling— Jam  Manufacture— The  Manufacture  of  Fruit 
Jellies— The  Making  of  Gelatine  Jellies— The  Manufacture  of  “Sulzen”— The  Preservation  of 
Fermented  Beverages— The  Manufacture  of  Candies— Introduction— The  Manufacture  of 
Candied  Fruit— The  Manufacture  of  Boiled  Sugar  and  Caramel— The  Candying  of  Fruit- 
Caramelised  Fruit— The  Manufacture  of  Sugar  Sticks,  or  Barley  Sugar— Bonbon  Making- 
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Essences— The  Manufacture  of  Filled  Bonbons,  Liqueur  Bonbons  and  Stamped  Lozenges— 
Recipes  for  Jams  and  Jellies — Recipes  for  Bonbon  Making  Dragees  Appendix  Index. 

RECIPES  FOR  THE  PRESERVING  OF  FRUIT,  VEGE¬ 
TABLES  AND  MEAT.  By  E.  Wagner.  Translated 

from  the  German.  Crown  8vo.  125  pp.  With  14  Illustrations.  Price 
5s.  net.  (Post  free,  5s.  3d.  home;  5s.  4d.  abroad.! 
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Part  I.  Preserved  Fruits. — Green  Almonds— Gooseberries— Strawberries— Currants— 
Cherries— Black  Nuts— White  Nuts-  Apricots— Greengages- Pears— Peaches— Plums— Figs— 
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Marmalades,  Jams  and  Fruit  Juices.— Strawberry  Marmalade— Cherry  Marmalade- 
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Pulp  for  ices.  Citron  Peel  and  Orange  Peel.  Part  II.  Preserved  Vegetables.— 

Asparagus— Peas— Beans— Carrots— Spinach— Artichokes— Tomatoes— Mixed  Vegetables— 

Tinned  Julienne — Celery— Mushrooms— Truffles —Pickled  Gherkins— Gherkins  in  Mustard- 
Mixed  Pickles.  Part  111.  Preserved  Meats.— Veal  Cutlets— Fricondeau  of  Veal— Calves 
Head— Bouillon  Meat— Ox  Tongue— Beef  a  la  Mode— Roast  Hare— Roast  Venison— Mutton 
and  Cabbage— Savoury  Paste— Beef  Paste— Foie  Gras  Paste. 

FOODS  AND  DRUGS.  Volume  I.,  Chemistry  and  Analysis 
of  Foods  and  Drugs.  Volume  II.,  Law  Relating  to  Foods  and  Drugs. 
By  E.  J.  Parry,  B.Sc.  (Lond.).  [In  preparation. 

Dyeing  Fancy  Goods. 

THE  ART  OF  DYEING  AND  STAINING  MARBLE, 
ARTIFICIAL  STONE,  BONE,  HORN,  IVORY  AND 
WOOD,  AND  OF  IMITATING  ALL  SORTS  OF 
WOOD.  A  Practical  Handbook  for  the  Use  of  Joiners, 
Turners,  Manufacturers  of  Fancy  Goods,  Stick  and  Umbrella  Makers, 
Comb  Makers,  etc.  Translated  from  the  German  of  D.  H.  Soxhlet, 
Technical  Chemist.  Crown  Svo.  168  pp.  Price  5s  net.  Post  free, 
5s.  3d.  home  ;  5s.  4d.  abroad.) 


Celluloid. 


CELLULOID  :  Its  Raw  Material,  Manufacture,  Properties  and 
Uses.  A  Handbook  for  Manufacturers  of  Celluloid  and  Celluloid 
Articles,  and  all  Industries  using  Celluloid  ;  also  for  Dentists  and 
Teeth  Specialists.  By  Dr.  Fr.  Bockmann,  Technical  Chemist.  Trans- 
lated  from  the  Third  Revised  German  Edition.  Crown  8vo.  120  pp 
With  49  Illustrations.  Price  5s.  net.  (Post  free,  5s.  3d.  home  •  5s  4d 
abroad.) 
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Caoutchouc  Industry  —  Making  Celluloid  Ornaments  —  Working  by  the  Cold  Process-^ 
Workmg  by  the  Warm  Process-Celluloid  Combs-Cell uloid  as  a  Basis  for  Artificial 
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PRACTICAL  LITHOGRAPHY.  By 


Alfred  Seymour. 
120  pp.  Price  5s. 


Demy  8vo.  With  Frontispiece  and  33  Illus. 
net.  (Post  free,  5s.  4d.  home;  5s.  6d.  abroad.) 
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AND  COMPENDIUM.  Compiled  by  Victor  Graham. 
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ENGRAVING  FOR  ILLUSTRATION.  HISTORICAL 
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Two  Plates  and  6  Illustrations.  Crown  8vo.  Price  2s.  6d.  net.  (Post 
free,  2s.  9d.  home;  2s.  lOd.  abroad.) 

TINPLATE  PRINTING.  By  Alfred  Seymour.  Crown  8vo. 

[In  preparation. 

Bookbinding. 

PRACTICAL  BOOKBINDING.  By  Paul  Adam.  Translated 

‘5?  5“manJ  ?rown  8vo-  180  PP-  127  Illustrations.  Price  5s. 
net.  (Post  free,  5s.  4d.  home ;  5s.  6d.  abroad.) 


Sugar  Refining. 

THE  TECHNOLOGY  OF  SUGAR  :  Practical  Treatise  on 
the  Modern  Methods  of  Manufacture  of  Sugar  from  the  Sugar  Cane  and 
Sugar  Beet.  By  John  Geddes  McIntosh.  Second  Revised  and 
Enlarged  Edition.  Demy8vo.  Fully  Illustrated.  436pp.  Seventy-six 
Tables.  1906.  Price  10s.  6d.  net.  (Post  free,  11s.  home;  11s.  6d. 
abroad.) 

(See  “  Evaporating ,  Condensing ,  etc.,  Apparatus  ”  p.  26.) 
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CLASSIFIED  GUIDE  TO  TECHNICAL  AND  COM¬ 
MERCIAL  BOOKS.  Compiled  by  Edgar  Greenwood. 
Demy  8vo.  224  pp'.  1904.  Being  a  Subject-list  of  the  Principal 
British  and  American  Books  in  print ;  giving  Title,  Author,  Size,  Date, 
Publisher  and  Price.  Price  5s.  net.  (Post  free,  5s.  4d.  home  ;  5s.  6d. 
abroad.) 

HANDBOOK  TO  THE  TECHNICAL  AND  ART 
SCHOOLS  AND  COLLEGES  OF  THE  UNITED 
KINGDOM.  Containing  particulars  of  nearly  1,000  Techni¬ 
cal,  Commercial  and  Art  Schools  throughout  the  United  Kingdom. 
With  full  particulars  of  the  courses  of  instruction,  names  of  principals, 
secretaries,  etc.  Demy  8vo.  150  pp.  Price  3s.  6d.  net.  (Post  free, 
3s.  lOd.  home  ;  4s.  abroad.) 

THE  LIBRARIES,  MUSEUMS  AND  ART  GALLERIES 
YEAR  BOOK  1910-11.  Being  the  Third  Edition  of  Green¬ 
wood’s  “British  Library  Year  Book”.  Edited  by  Alex.  J.  Philip. 
Demy  8vo.  286  pp.  Price  5s.  net.  (Post  free,  5s.  4d.  home ;  5s.  6d. 
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